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Montgomeryshire 


MONTGOMERYSHIRE, one of the counties of 
North 'Wales, h bounded on the E. and N.E by the county 
of Salop in England; on the S.E. by Radnorfliire ; on the 
W. and S.W, by Merionethfliire and Cardiganlhirc ; and on 
the N. by Dcnbighfliire. It extends, according to the rooft 
accurate lurvcys, 35 miles in length, from the farlhcft poiiit 
of Elangurig, on the borders of South Wales, to PiftylE 
Rhaiadr, a noted cutaraA in the Berwyn hills ; and in 
breadth, from the town of Montgomery to that of Machyn- 
lleth, 30 miles. The fuperficial area is varioufly dated; 
Tempieman making it to comprife 444,800 acres, while by 
other computation it is fixed as high as 560,000 ; and again, 
in a very recent furvey, 31491,600. Of this extent only 
60,000 acres arc uiifh’r cultivation, and 18,000 laid down 111 
palturage ; the remainder of the county is either in a wallc 
coiiilition or is appropriated to woodlands. 

The firll inhabitants of this diliriA, of whom mention k 
made in Iiiltory, were a portion of the Ordovices, or Ordo- 
vicx, whofc territories extended at one time over the whole 
fix countie.s of North Wales, with tiic exception of a fmall 
part of Flint (hire, wliich belonged to the Carnabii. This 
people, naturally brave, and defended by the lofty lulls and 
almod impaflable ravines, with which their country abounds, 
contrived, notwithdanding their deficiency in military fkill, 
to baffle, for a period of two centuries, all the efforts of 
Roman difciplinc and courage to fubdiie them. Julius 
Agricola, the celebrated general of Domitiaii, how'ever, at 
lad effeAed, by his confummatc and indefatigable conduct, 
what his predeceffors had in vain attempted ; and not only 
compelled this county, but the mod remote corner of Wales, 
to acknowledge and fubmit to the Roman yoke. But 
though conquered, their ancient valour and love of country 
dill continued to animate them, fo that no fouiicr were the 
mighty cronquerors of Europe forced 10 abandon their dif- 
tant provinces and concentrate their troops for the defence of 
Italy, than the natives again alferted their independence. 


At tins period, however, their country became divided in^o 
two fe para te kingdorTi*^, or prim ipalitics ; of which l*owif- 
land was, for many years, the molt powerful and cxtcnfivc ; 
and included Montgoiiu i yfhire. During the heptarchy many 
defperatc battles weie fought, either within this county, or 
on its borders ; efpecially in the reign of Offa, king of 
Mercia, who, having routed the Powyfians in feveral aftions, 
1‘ompcllcd them to abandon all their poffenions in Shrop- 
(hire; and in order the more cfl'eCtually to redram their in- 
curlions, built the celebrated “ dyke,'^ which is dill vifible 
at the ealtern boundary of the county Though thus re- 
drained, however, the Powylian monarchs, who now fixed 
th('ir nTidence at Mathraval, in the vale of Meivod, dill 
continued to be objeds of terror to their Mercian neigh- 
bours. 'The dyke of Offa was frequently a Icene of the 
mod dreadful carnage. At Buttington, the generals of the 
great Alfred completely dedroyed a large body of Danes, 
who, having pcnetraied through Mercia, had poded them- 
felvcs here upon the approach of the Saxon army. By this 
time the integrity of fhc kingdom of Powifland had been 
again invaded, by its feparatioii into two fmaller principali- 
ties, of which Montgoineryfhirc alone formed that didin- 
euiflied by the name of Powib-Wenwynw'yn. This didrid, 
fubfequent to the Norman conqued, fhared the fate of all 
the border counties, being compelled to fubmit to the feudal 
domination of the lords marchers, after a long and defpe.^ 
rate druggie to maintain its liberty. It dill continued, how- 
ever, to be didinguifhed by its ancient name, till the divifion 
of Wales into counties, in the reign of Henry VIII., when 
it received the appellation of Montgomerydiirc, from the 
town of Montgomery, which forms the fubjed of the pre- 
ceding article. 

The greater proportion of this county alTumes a moun- 
tajnous charadteridic. This is particularly the cafe with the 
midland, weftern, and fouth-wedern parts, which are ex- 
tremely bleak and unfavourable to cultivation. A range of 
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mountains, commonly diftinguiflicd by the title of ** the 
back-bone of Montgomeryfhire and Merionelhfhire,” com- 
mences in the fonth-weflern diftri6t, and running nearly 
through the whole (hire, in a curvilinear dire6tion« enters the 
county of Merioneth near Aran Fowddwy. The Freiddin, or 
Bridden hills, and the Long mountain, tear their lofty heads 
on the eaftern fide of the county, and form a natural bound- 
ary throughout their extent, between it and Shropfhire. 
The Biga mountains are feen on the north, ftretching them- 
felves along the northern fide of the valley of the Severn, 
till they reach a collateral ridge of Plinlimmon. Befides 
thefe there are numerous inferior ranges, ulually feparated 
by long narrow vallies and a few ifolated hills, which rife to 
a very confiderablc height, like artificial mounts, in the cen- 
tre of a level tradl of country. The fubilrata of thefe hills 
vary, but not fo much as in the adjacent counties. Lime- 
lloiie rarely enters into their compofition, except in the vi- 
cinity- of Llanymech and Forth waun, at both of which 
places a confiderable quantity of lime is wrought, chiefly for 
the punpofes of manure. Slate ftrata, on the other hand, are 
very abundant, and indeed conflitute the principal portion 
of all the mountains in the county, which are not pre-emi- 
nently lofty. Many quarries have been opened in dilFerent 
diilri<!^s for the manufacture of this material, but the princi- 
pal ones are confined to the hills around Llangynnog, where 
the bell flates, perhaps in England, are procured. From 
the elevated fituation of thefe quarries, the conveyance of the 
flates from thence to the plain below is a talk of confiderable 
difficulty and hazard. 'Plie method m ufe here to accom- 
pliffi that object is not a little remarkable, and to an obferver 
nnaccullomed to the fight, mull appear fraught with extreme 
danger. The flates are placed on a fmall fledge, adapted 
to the work, which is faflericd to the Ihouldcrs of a man 
who has the care of delivering the cargo at the bafe of the 
mountain, by means of a rope, of which he lays fall hold 
with both hands, and then turning his face towards the load, 
he begins to move, gradually receding backwards till he 
reaches the bottom. Apparently dangerous, however, as 
this operation is, long experience has rendered it fo familiar 
to the workmen in general, that accidents are very un- 
common ; and to many of them it is equally eafy as condu6l- 
ing a common whecl-b?rrow on level ground. The other 
mineral produ61ion8 of this county are coal, filver, lead and 
copper. The coal mines are only found, in any confiderablc 
quantity, at Coedwae, on the borders of Salop. Silver is 
moll plentiful at Efgair-hir, where, as well as at Graig-y- 
Mwyn, near Piftyll-Rhaiadr, Dolydan well from Llanbryn- 
Mair, and Llanydloes, lead mines have been opened. The 
only copper mine is fituated in the vicinity of Efgair-hir, 
on the confines of Cardiganlhire. 

Montgomery (hire is abundantly fupplied with rivers ; in- 
deed it may ju Illy be faid that more llrcams take their rife in 
this county than in any other of fimilar extent in Great Bri- 
tain. Of thefe rivers the principal arc the Severn, the Wye, 
the Vyrnwy, and the Tanat. The Severn, rifing on the fide 
of Plinlimmon hill, runs in a north-eafterly diredlion through 
a very confiderable portion of the county, and during its 
courfe receives the waters of feveral auxiliary dreams. The 
Wye, which like wife has its fource from the fame ridge, 
taking a fouth-eaft dire6tion, is joined by the Bedw rivulet at 
Llangerri^ ; whence flowing more to the fouth it foon enters 
Radnorfliire. The Vyrnwy rifes near Bwlch-y-Groes, and 
after a very changeable courfe, during which it is joined by 
the Tanat, falls into the Severn near Llandrinio. This river 
is remarkable for the multiplicity and variety of iifli which 
frequent it. Of thofe rivers which pafs through the county, 
but have their fprings in another, the principal are, the Maw, 


the Traethbach, the Cieriog, the Dee, and the Dovey : all 
of which will be found more particularly noticed in our ac* 
count of the refpe^live counties to which they feem more 
properly to belonor, under their appropriate names. 

The climate of this county varies in different diftri^ls. In 
thofe parts which have been mentioned as more elevated than 
the red, it is extremely cold and bleak ; and in the narrow 
vallies the wind is almod condantly high, and very frequently 
boiderous. The wederly winds are prevalent during nine 
months of the year, and the eaderly the remaining three. 
Thefe lad are ufually accompanied with fleet and rains, but 
feldom blow fo drong as thofe from the S.W. or N.W. 
which commonly prove fatal to the fruit both on the higher 
grounds and in the vallies. The foil of the mountains here, 
partaking of the nature of their fub^rata, is for the mod 
part of a fchiltofe kind ; that in the vales was doubtlefs ori- 
ginally of the fame defeription, but in confequence of cul- 
tivation now approaches very nearly to a clayey fubdancc. 

It has already been obferved, that not above one-half of 
Montgomeryfliire is in a date of cultivation, the red being 
either covered with wood, or lying in a wade condition. Of 
the cultivated lands, about one-third has been mentioned at 
arable; the other two-thirds being ufually laid down with 
grafs. The mod commou arable crops are oats, barley, 
wheat and rye. Hemp is likewife grown in confideiable 
quantity in the eadern divifion of the county ; almod every 
cottage having what is called a hemp-yard attached to it. 
Of the grafs lands only a fmall portion, compared with their 
extent, are fiifficiently fertile to be adapted for fattening 
cattle. Indeed that objeA is feldom attempted, except in 
fome particular fpots in the vales of the Severn, and of the 
Vyrnwy. The woodlands comprehend feveral very valuable 
and extenfive plantations. Montgomeryfliire, in fad, is dill by 
far the bed wooded county in Wales, and was formerly re- 
garded as a valuable depot of oak for the ufe of the navy. 
Within the lad fifty years, however, large quantities of that 
noble tree have been felled ; and fo little care taken to replace 
them, that the county has nearly lod all its importance in 
this refped. The wade lands here are chiefly appropriated 
to the grazing of oxen, (heep, and horfes. The oxen are of 
different breeds, each of which have their provincial peculi- 
arities. Thofe of the native breed, which are ufually termed the 
finch-backed kind, are of a brindled colour, fliort in the leg, 
and of great depth in the carcafe. Thofe originally from 
Devondiire have, on the other hand, long legs, and a more 
compaA body, and are confequently better fitted for agri- 
cultural purpofes than the native fort. A kind from Here- 
ford, didinguiflied by their white faces, have of late years 
become very prevalent in the eaftern diftriA. Of flieep there 
are two kinds ; the one peculiar to the Kerry hills, and the 
other chiefly bred on the ridge called Long-Mountain, and 
fome other hills on the borders of Shropthire. The firft of 
thefe breeds is fuppofed to be the only variety in Wales 
which produces pertedl wool ; that of the other breeds being 
ufually more or lefs debafed by the intermixture of coar£ 
long hairs, denominated by dealers kemps. Its diferimi- 
nating chara£leridic8 are large wide cheeks, covered with 
wool, a bunchy fore-head, deftitute.of horns, white woolly 
legs, and a broad beaver-like tail. The fecond kind alfo 
affords wool of a fuperior quality, but in much lefs quan- 
tity. Horfes of very different fizes and properties are reared 
in Montgomeryfliire. The hilly didriAs arc remarkable for 
a race of fmall ponies, called merlyns, which being left to 
rangeover the mountains, as well during winter as fummer, 
till at lead three years old, arc in confequence a very hardy 
race. Thefe are chiefly ufed as beads of burthen, by the 
aumerous packmen wbo traverfe the country to coUed the 
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wunufaftured articles, fyr to fell others \^hicli the inhabitants 
may require. For this purpofe they are extremely well 
fitted, ciillom having taught them to climb the rugged and 
fiippery afeents with a firm and ficady fiep ; and it is on that 
account much to be lamented, that the ncglecU‘d Hate m 
which they are allowed to remain has materially deteriorated 
the breed. A larger kind of horfe, appa-ently a crofs be- 
tween the merlyn and the Fnglilh breed, is hkewife a native 
of the billy diflrids in Montgomery (hire. The moft fizeablc 
of thefe animals are admirably adapted for the team on the 
higher grounds, where heavier horfes would be egrcgioiifly 
niifapplied ; and the lefTcr ones make good roadfters with a 
light weiglit. A third breed, of a very fuperior quality to 
either of thefe, is alfo reared in the more fertile vales lierc, 
which fome fay was introduced from Spain by Robert, earl' 
of Slircwfimry. Queen Elizabeth is further Hated to have 
greatly afliHcd in perpetuating this breed, by keeping a 
famous Hud of horfes and brood inarCs at Park, in this 
ctnrity. 

'I'he chief, or rather the only, mannfru^hired production 
of Monlgomcryfhire, is flannel ; for though hemp, as has 
been already faid, is grown hcic in confidcrable quantity, it 
is feldoin made into any article of ufe, till it has paHed in*o 
the hands of the maniifafl'irers of other diftridls. In former 
times, the only machinery employed in the manufadtiue of 
the flannel was the common weaving machine ; all the pro- 
cefs of carding the wool, and fpinning into thread, having 
been executed, in the moH literal fenfe of the term, by the 
tedious operation of the hand, by farmers and cottagers in 
their own houfe;?. Of late years, however, the powerful 
aid of more complicated apparatus has like wife bct*n reforud 
to ; and there are now upw^ards of forty carding, and feveral 
fpinning machines, driven by water, in different parts of the 
county. The moH extenfivc manufactories for w’eaving are 
thofe at Newtown, Berhiew, Welfli-Pool, and Dolydran ; 
and one on the Dulas Hream, near Machynlleth, at which, 
however, cloths are made as well as flannels. Of thel« lall 
the finer pieces generally meafure about 132 yards, and the 
jnferitir ones i to : and a,s 5-00 pieces of cither kind are fr«*^ 
quently fold at the weekly markets, it does not feem to be 
exceeding truth to average their amount at ^co, thereby 
making the whole annual produce fold out of the county 
7SG0 pieces ; which, calculated at the low average of 8/. 
a piece, gives the fum of 02,400/. as the total piofit arifmg 
tlicivfrom, including the value of wool, which may be fup- 
pofed worth foinclhi' g more than iS,oco/. 

The roads in this county arc, perhaps without exception, 
the word within tlie limits of North Wales, cfpecialiy in the 
vallics j but this deficiency does not ariic fo much from any 
fiegledl on the part of the proprietors to their formation or 
repair, as from the w'ant of fuitable materials for the pur- 
pofe ; there being no granite or other indurated rock licrc, 
as in the other counties, which could be employed to render 
them firm and compact. 'Fliey are confequcntly moft com- 
monly formed of the fliale and Hate Hones, of which it has 
been remarked that the mountains are chiefly coinpofed ; 
and thefe foft and friable icbHances foon become reduced, 
by the preffure and friHion they neceffarily fnlUin, to their 
primitive clay. Hence the roads, even in fummer, are often 
m'uH and flippeiy ; and in winter are fo deep and clammy, 
as to be nearly impaffable for carts of a heavy burthen. 
But to the honour of the county, though the roads are thus 
unavoidably of a bad texture, the bridges are generally ex- 
cellent, and more numerous than thofe of any other county 
in the principality, when conlidered in reference to the com- 
parative extent of its cultivated lands. 

Many intcreftin^ remains of antiquity of various deferip- 


tions have been difeovered or traced, at difTerent periods 
within the limits of MontgomeryfliKO. 'J’he Roman Halion, 
Mediolanum, is fixed by feveral able antiquaries in the vi- 
cinity of Meifod, or Meivod, whic/i, as noticed above, after- 
wards became the rcfidciice of the Powylian moiiarchs. 
The Hation Maglona is likeviufe, vilh great probabilit), 
placed at <ir in the vicinity of Machynlle’h, us many vci- 
tiges of walls, and the remains of two forts evidently Ro- 
man, are Hid diHindly viiible there. Many Roman coins 
have alfii been dug up at this place; and tw'o miles from it 
is a fpot, yet retaining the appellation of Cefn Caer, or the 
back part of the city. Machynlleth afterwards became 
noted as the town where the celebrated Owen Glyndwjr 
aflcmblcd the eHates of Wales in 1402, when his title to 
the principality was folcmnly acknowledged. The fenatc 
houfe, in which this convocation was held, is now degraded, 
by being converted into a liable ; but its Ipaclous door- way 
fufltcicntly evinces its occupancy to have been once more 
honourable. (See MAt jiVxNLLETii.) At Montgomery arc 
the ruins of the celebrated callle of that name ; and clofc to 
it is a Brilifli and a Saxon encampment, the former re- 
markable both for its Hrength and extent. On the well 
fide of tlie road from this town to that of Newtown Hands 
the ancient fortrcTs of “ DolforA'yn-CaHle,*' faid by Dug- 
dale to liave been llie work of Dafydd-ap-Llcwelyn, a prince 
who reigned from the year i2qo to 1246 ; but referred by 
a Wclfh writer, Jolm Dafydd Rhys, to a much earlier dau*. 
Caer-?>ws, or Caers-goofe calUc, on the north bank of the 
Severn, is conlidered by fome to have been a Roman Hation, 
though not mentitmed in any of the Itineraries. Extenfivc 
traces of buildings, ranged in Hreets interfedding each other 
at right angles, have been difeovered in tlie fields, adjacent 
to tlie village. Tw'o encampments are fituated at a little 
dillance, where fome infenbcd bricka have been dug up ; 
and clofe to them appear conliderable veHiges of a Roman 
road, running in a direi^lion from Cacr-Sws to Meifod. 
Several rncam|>mcnt8, both Roman and Britifli, are like- 
wife difeovered in the neighbourhood of Idanfair and Welfh- 
Pool. Near the latter town was fituated the abbey of 
Yllrat-Marchell, founded in 1170, for mopks of the Cif- 
terciaii order. A mile from hence is Powis callle, a Vene- 
rable marifion, cunllradtcd of red fand-Honc, and Handing 
on the ndge of a lofty rock. 'IMi’S callle makes a con- 
fiderablc figure on the p rges of billory, and is now the chief 
feat of the noble family of Clive, to which the adjoining 
village gives the title of ma-quis. (See WtL.sii-PooL ) 
Behdes thefe, many other relics of cintiquity m Mont- 
gomery (hire might be noticed, would the limits of an article 
like the prefent allow of greater digrefiion ; but as that can- 
not be permitted, we Huill only fuither mention the “ Dyke 
of OfTa,” which runs nearly through the whole eaHcrn fide 
of the county, and whicli is jnllly ranked among the molt 
extraordinary eftbrts of human labour in Great Britain. 

Montgomery (hire, in a political point of view, is dividtd 
into rune hundreds, comprifing forty-nine parifhes, one bo- 
rough-towMi, Montgomery, and fix market-towns, *if/z* 
\Veini-Pool, l.,hnfyllin, Elanfair, Machynlleth, Newtown, 
and Llanydlocs. The names of the hundreds are LlanfyUiii, 
Df-nddwr, Pool, Cawrfe, Mathrafal, Machynlleth, Llan- 
y.'loes, Ncwiov»^n, and M.'ii^gomcry. This county (end# 
two reprelentativcs to parliament, one as knight of the 
Hiire, and another as burgefs for the borough. Its honorial 
dill indtions are confined to two families; that ot Clive, al- 
ready mentioned, and that of Herbert, which holds the dig- 
nity of carl ut Pe.nbroke and Montgoancry. By the returns 
made to parliam. nt m 1801, the amount of its population 
was 47>C^8 perl'oas, viz. 22,494 males, and 25,064 fe- 
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males; of which number, 6233 were reported as employed 
ill the various departments of trade and manufacture, and 
in the labours of agriculture. The n\oney railed 
here for the ufe of the poor, in 1803, amounted to the fum 
of 22,988/. In refpeA to ccclcliaftieal jurifdiflion, the 
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whole county is included within the province ol Canterbury, 
but is divided among the three diocefes of Bangor, Here- 
ford, and St. Afaph. Davies’s Agricultural Report of 
North Wales, 8vo. Beauties of England and Wdes, by 
Mr. Evans, vol. xvii. Wynne’s Hillory of Wales. 



Moor-Stone 


the name of a very remai'kable Hone fonnd 
in Cornwall, and feme other parts of England, and ufed in 
the coarfer works of the prefent builders* 

This is truly a white granite, and is a very valuable ftone. 
It is very c«»arfe and rude, but has beautiful congeries of va- 
rioufly conftrufted and differently figured particles, not dif- 
fufed among, or running into, one another, but each pure 
and diftinft, though firmly cohering with whatever it comes 
in contaft with. Its colours are principally black and 
white ; the white are of a foft, marbly texture, and opaque, 
formed into large congeries, and emulating a fort of tabu- 
lated ftrufture ; among thefc are many of a pure cryftallinc 
fplendour and tranfparence ; and in lome are lodged in dif- 
ferent diredions many fmall flaky niaffes of pure talcs of fe- 
veral colours ; fomc are wholly pellucid, others of an opaque 
white, others of the colour of brown cryftal, and a vaft num- 
ber perfeAly black. It is found in immenle ttrata in fome 
parts of Ireland, but is difregarded there. 

It is found with us in Devonfhirc, Comwallf and foine 
other counties ; and brought thence in vaft quantities to 
London. It never forms any whole ftrata there, but is found 
on the furface of the earth in immenfe and unmanageable 
maffes ; and to feparate thefe into portable ones, they dig a 
hole with a wedge in fome part of them, and furrounding it 
with a ridge of clay they fill it up with water ; this by de- 
grees foaks in, and finding its way into the imperceptible 
cracks, fo far loofens the cohefions of the particles there, 
that the day after they drive a larger wedge into the hole, 
and the ftone breaks into two or more pieces. It is ufed in 
London for the fteps of public buildings ; and on other oc- 
cations, where great ftrength and hardnet^s are required. 

The people of Cornwall, who have this ftone in great 
plenty, ufc it in their tin-.works, and particularly in iheia 


tin-kiln, on the good effe£l of which a great deal depends. 
This kiln is four-fquare, and at its top is placed a large 
block or moor-ftone ; the ufual fize of this block is fix feet 
in length, and four in breadth. In the middle of this block 
there is made a hole of about fix inches in diameter. This 
ftone ferves as a head to cover another like ftone placed be- 
neath it ; but this under one is not fo long as the upper by 
fix inches. The reafon of this is, that it muft not reach the 
innermoft or back part of the wail, which is the open place 
throBgh which the flame afeends from another place below 
that, where a very ftrong fire of furze is conftantly kept 
up; and there is another little hole alfo on the outfide. 
The fore-part is like a common oven, and has fucli a fort of 
chimney. 

The tin-ore is roafted in this kiln, to burn away the mun- 
die, in this iQanner: the ore is brought in powder, and 
poured out in heaps on the furface of the top-ftone ; a man 
ftands there, and thrufts it down through the hole in this 
ftone into the kiln, that is, to the furface of the tinder-ftone : 
a perfon who ftands below fpreads this as it falls with an 
iron rake, and gives notice to the perfon above when there 
is enough down, that is, when the furface of the lower 
ftone is covered three or four inches thick. When this is 
done, the hole at the top is covered with green turfs, that 
the flame may reverberate the ftroriger ; and the heat that 
the moor-ftone acquires helps to roaft the ore ; while the 
flame that coir.cs up from the ore is blue, there yet remains 
mundic among it ; but when this is burnt off, the flame is 
yellow. Phil. Tranf. N® 69. 

The miners in fome parts of Cornwall ufe the name moor- 
ftone for a fort of ct arfe free-done, which lies very often 
over the tin-ore : this is of a greyifti colour, and is fome- 
what fofter than that ufually employed in building. Sec 
Growan. 
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MORTAR, or Morter, in ArchMure^ a compofition 
of liiw, fand, mixed up with water : fcrving as a ce- 
ment to bind the Hones, &c. of a building. 

The ancients had a kind of mortar fo ve^ hard and bind- 
ing, that, after fo long a duration as to this time, it is next 
to impoffible to feparate the parts of feme of their buildings ; 
though there arc lomcwho aferibe that exceffive llrcngth to 
time, and the influence of certain properties in the air, 
which is, indeed, found to harden fome bodies very fur- 

The lime ufed in the ancient mortar, is laid to have been 
burnt from the hardcll ftones, or often from fragment^ of 


marble. 

l)e Lorme obferves, that the belt mortar is that made ot 
pozzolana for fand j adding, that this penetrates black fliutv, 
and turns them white. Sec Pozzolana, and PuUolanus 

PULVIS. r I 1 1 

Mr. Worlcdge obferves, that fine fand makes weak mor- 
tar, and that the larger the fand the ilronger the mortar. 
He therefore advilVs, tlvat the fand be waflicd before it is 
mixed; and adds, tha^ dirty water weakens the moi tar con- 


fiderably. 

WolhuB obferves, that the fand fliould be dry and (harp, 
fo as to prick the hands when rubbed ; yet not earthy, fo 
as to foul the water in which it is waftied. 

Vitruvius obferves, that folTile fands dry fooner than thofc 
taken out of rivers. Whence he adds, the latter is fitted for 
the infides, the former for the outfides of a building. He 
fubjoins, that foflile fand, lying long in the air, becomes 
earthy. Palladio takes notice, that of all fands white ones 
are the worft ; and the rcafon is owing to their want of 
afperity. 

The proportion of lime and fand in our common mortar 
is extremely variable: Vitruvius prcfcribes three parts of 
pit-fand, and two of river-fand, to one of lime ; but the 
quantity of fand here feems to be too great. 

The proportion mol commonly uled in the mixing of lime 
and fand is, to a buftiel of lime a bufhel and a half of fand, 
I. r. two parts of lime and three of fand ; though the common 
mortar, in and about London, has more fand in it than ac- 
cording to this proportion. The improvement of mortar is 
certainly an objeft of great importance : and different 
fchemes have been fuggeled for giving it that degree of 


durability for which the mortar uled by the ancients is fo 
juflly celebrated. 

Mr. Doflicjin the fecond volume of the Memoirs of Agri- 
culture, p. 20, &c. gives the following method of making 
mortar impenetrable to moifturc, acquiring great hardnefs, 
and cxcecaingly durable, fimilar to that ufed by the ancients, 
wdiich was difcovcred by a gentleman of Neufchatel : take 
of unflaked lime and of fine fand, in the proportion of one 
part of the lime to three parts of the fand, as much as a la- 
bjiirer can wxll manage at once ; and then adding water 
gradually, mix the whole well together with a trowel, till 
it be reduced to the confilence of mortar. Apply it imme- 
diately, while it is hot, to the purpofe, either of mortar, as 
a cement to brick or lone, or of plaller to the furface of 
any building. It will then ferment for fome days in drier 
places, and afterwards gradually concrete, or fet, and be- 
come hard : but in a moil place it will continue foft for three 
weeks or more ; though it will, at length, attain a firm con- 
filencc, even if water have fuch accefs to it fo as to keep the 
furface wet the whole time. After this, it will acquire a 
ftonc-like hardnefs, and refil all moilure. The perfeftion 
of this mortar depends on the ingredients beiqg thoroughly 
blended together ; and the mixture being applied imme- 
diately after to the place vyhere it is wanted. The lime for 
this mortar mul be made of limestone, (hells, or marie ; 
and the Ironwr it is, the better the mortar will be ; befides, 
the lime (hould be carefully kept from the accefs of air or 
wet ; othenvife, by attrading moilure, it will lofc propor- 
tionably that power of adingon the fand, by which the in- 
corporation is produced. U is proper alfo to exclude the 
fun and wind from the mortar, for feme days after it is ap- 
plied \ that the drying too faft may not prevent the due con- 
tinuance of the fermentation, which is neceflary for the ac- 
tion of the lime on the fand. When a very great hardnefs 
and lirmnefs are required in this mortar, the ufing of (kim- 
med milk inlead of water, either wholly or in part, will pro- 
ducc the defired efieft, and render the mortar extremely te- 
nacious and durable. 

M. Loriot’s mortar, the method of making which wai» 
announced by order of his majely at Paris in 1774, is made 
in the following manner : take obc part of brick-dul finely 
fiftcd, two parts of fine river-fand (kreened, and as touch 
old flaked lime as may be fufficient to form mortar with 
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water, in the ufual method, but fo wet as to ferve for the 
flaking of as much powdered quick 4 imc as amounts to one- 
fourth of the whole quantity of brick-duft and fand. 
When the materials are well mixed, employ the compofition 
quickly, as the lea ft delay may render the application of it 
imperfeft or impoflible. Another method of making this 
compofition is to make a mixture of the dry materials ; i. e. 
of the fand, brick-duft, and powdered qnick-lime, in the 
preferibed proportion ; which mixture may be put in facks, 
each containing a quantity fuflicient for one or two troughs 
of mortar. The above-mentioned old flaked lime and water 
being prepared apart, the mixture is to be made in the man- 
ner & plafter, at the inftant when it is wanted, and is to be 
well chafed with the trowel. With refpea to this method. 
Dr. Higgins obferves, that M. Loriot corre6t8 the bad 
quality of the old and effete lime, vrhich conftirutes the bafis 
of his mortar, and which has regained a part of the fixed 
air that had been expelled from it, by the addition of frefh 
and non-effervefeent hme, haftily added to it, at the time of 
ufing the compofition, which muft undoubtedly iiqpi*ove the 
imperfea mafs. And he adds, that when an ignorant artift 
makes mortar with whiting inftead of lime, he can mend it 
confiderably by adding lime to it ; but his mortar will ftill 
be defective, in comparifon with the bell that may be made, 
by reafon of the old flaked lime or whiting ; this on repeated 
trials he has found to be the true Rate of the cafe. Dr. 
Higgins has made a variety of experiments, in confequence 
of the modern difeoveries relating to fixed air, for the pur- 
pofe of improving the mortar iifed in our buildings. Ac- 
cording to this author, the perfettion of lime, prepared for 
the purpofe of making mortar, confifts chiefly in its being 
totally deprived of its fixed air. On exainining feveral fpe- 
cimens of the lime commonly uled in building, he found ^at 
it is feldom or never fufficiently burned ; for they all 
vefeed, and yielded more orlcfs fixed air, on the addition of 
an acid, and flaked flowly, in comparifon with well burned 
hme. Dr. Higgins alfo relates fome experiments, which 
fhew how very quickly lime imbibes fixed air from the at- 
mofphere ; gn its expofureto which it by de^ees foon lofes 
thofe charadlers which chiefly dillinguifh it from mere lime- 
ftone or powdered chalk: by foon attraaing from thence 
that very principle, to the abfcnce of which it oWes its ufe- 
ful quality as a cement, and which had before beeit expelled 

from it in the burning. Hence he concludes,, thkt, as hme 

owes its excellence to the expulfion of fixed airTrom it in 
the burning, it fhould be ufed as foon as p^ble after it is 
made, and guarded from expofure to the air, as inuch as 
poffible, before it is ufed. It is no won^r, thercfoi^. he 
fays, that the London mortar is bad, if the mperf^ion of 
it depended folcly on the badnefs of the lime 5 ^ ® 

lime employed in it is not only bad when it coir.cs frcih from 
the kiln, becaufe it is infufficicntly burned, a id the air has 
accefs to it, but becomes worfe ' before it is uled, by the 
diftance and mode of its conveyance, and when flaked, is 
as widely different from good lime, as it is from powdered 
chalk. Fora fimilar reafon, every other caufe, which tends 
to reftorc to the lime the fixed air, of which it had been 
deprived in the burning, muft deprave i^ It muft receive 
this kind of injury, for inftance, from the water, fo largely 
ufed, firft in flaking the lime, and afterwards in making it 
into mortar; if that water contains fixed air, from which 
few waters are per fedly free, and which will greedily be at- 
trafted by the lime. The injury arifmg from this caufe is 
prevented by the fubftitutioo of lime-water, fo far as may 
be prafticablc or convenient. . r r • 

From other experiments, made with the viev^ of afcertain- 
ing the beft relative proportions of lime, fand and water, in 


the making ot mortar, it appeared that thole Ipecimens were 
the bell which contained one part of lime in feven of the 
fand ; for thofe which contained lefs lime, and were too fliort 
whilft frefh, were more^ eafily cut and broke, and vi'cre per- 
vious to water ; and thofe which contained more lime, al- 
though they were clofer in grain, did not harden fo foon, or 
to fo great a degree, even when they efcaped cracking by 
lying in the (hade to dry llowly. It appeared fartlier, that 
mortar, which is to be ufed where it muft dry quickly, 
ought to be made as ftiff as the purpofe will admit, or, with 
the fmalleft pradticable quantity of water, and that mortar 
will not crack, although tlie lime be ufed in excoffive quan- 
tity, provided it l>e made ftiffer, or to a thicker coiifiitence 
than mortar ufually is. 

Dr. Hrggint, has alfo flievvn, that though the felting of 
mortar, as it is called by the workmen, chiolly depends on 
tile exliccatiofi of it, yet its induration, or its acquiring a 
ftony iiardnefs, is not eaufed by its drying, as has been lup. 
pofed, but is principally owing to its abforptioii of fixed 
air from the atm»>fphere, and is promoted in proportion as 
it acqiiirc.s this principle ; tiie acceflion of which is uidifpen- 
fibly neceffary to the induration of calcareous cernonts. In 
order to the greateft induration of mortar, therefore, it muft 
be fuffered to dry gently and fet ; the cxficcation muft be 
effeded by temperate airj and not accvdc rated by the heat of 
tiie fun or fire; it muft not be wetted foon after it feth ; and 
afterwards it ought to be proteded from wet as much as 
pofllole, until it is completely indurated ; the entry of aci- 
dulous gas mult be prevented as much as pollible, until the 
''uortar is finally placed and qiuefcent ; and then it muft be 
as freely expofi*d to the open air as the work will admit, in 
•rder to fupply acidulous gas, and enable it fooner to fiiftain 
:be trials to which mortar i? expofed in cementitious build- 
ings, and incruttations. 

Dr. Higgins has alfo enquired into the nature of the beft 
iand or gravel for mortar, and into the effeds produced by 
hone-afhes, plafter powder, charcoal, fulphur, &c. and he 
deduces great advantages from the addition of boiie-afhes, 
in various proportions, according to the nature of liic work 
for which the compofition is intended. 

This author dcfcribes a watcr-cement or ftucco,.of his own 
invention, for incruftations internal and externak exceeding, 
as he faya, Portland ftone in hardnefs, for which he ob- 
lained hia majefty's letters patent in 1779. As for the 
materials of which this is made ; drift land, or quarry 
(knd, or, as it is commonly called, pit fand, confilling chiefly 
of hard quartofe flat-faced grains, wi»h fharp, angles, the 
moft free from clay, falts, and calcareous, gypfeous, or 
other grains, lefs dtirable than quartz, containing the 
Imallelf quantity of pyrites, or heavy metallic matter, in- 
t-parable by waftung, and admitting the hraft diminution in 
bulk by waning, is to be preferred to any other. The fand 
is to be fifted 111 ftreaming clear vratcr, through a ficve which 
fliall give pafTage to all luch grams as do not exceed one 
jixu enth of an inch in diamefer ; and the ftream of water 
and fiftingareio be fo regulated, that ah the fand, which ie 
much finer than the Lynn fand, together wfith clay and 
otlier matter, fppcifically lighter than fond, may be wafhed 
away with the ftream ; whilft ihc purer and coarfer fand, 
which paffes througli the fievc, fubfides in a convenient re- 
ceptacle ; and whilft the coarfc rubbifli and fhingle remain 
on the fievc to be njeaed. Tlie fubfiding fand is then 
wafhed in clean ftreaming water, through a finer fieve, fo 
as to be farther clcanfcd and forted into two parcels, a 
coarfer, which will remain m che fieve which is to give paf- 
fage^tofiich grains of fand only as arc Icfs than one thirw 
ticth of an inch in diameter, and which is to be faved apart 



under the. name oF coarfe land ; and a finer, which will 
pdf8 through the fievc and fublide in the water, and which 
is to be faved apart under the name of fine fand. Thefe 
arc to be dried IVparatcly, cither in the fun, or an a clean 
iron plate fet on a convenient fnrface, in the manner of a 
fand heat. Let the lime be cholen, which is Hone-lime, 
which heats the -mnft in flaking, and flakes the quickefl 
when duly watered ; which is the frcfliell made and molt 
clofely kept ; which difl'olvcs in dillilled vinegar with the 
leaft efFervefcence, and leaves the fmalleft refidne infolubJe, 
and in this refiduc the fmallell quantity of clay, gypfum, 
or martial matter. Let this Hn>e be put in a brafs-wired 
fine fieve, to the quantity of fourteen pounds.. Let the 
lime be flaked by Jilunging it in a butt, filled with foft 
water, and raifing it out quickly and fuffering it to heat 
and fume, and by repeating thi.s plunging and raifing al- 
ternately, and agitating the lime, until it be made to pafs 
through the fieve into the water ; reject the part of the lime 
that does not eafily pafs tlirough the fieve ; and ufe frcfli 
portions of lime, till as many ounces* cf lime have pafTed 
through the fieve as there arc quarts of water in the butt. 
Let the water, thus impregnated, Rand in the butt, clofe 
covered, until it becomes clear ; and, through wooden 
cocks placed at different heights rn tlie butt, draw Off the 
clear liquor, as fafi and as low as the lime lubfidc"’, for life. 
This clear liquor is called the cementing liquor. Let fift}- 
fix pounds of the forefuid chofen lime be flaked, by grr- 
dually fprinkling on it, and efpecially on the urflaked 
pieces, the cementing liquor, in a clofe clean place. I.»ct the 
flaked part be immediately fifted through the fine brafs- 
wired fieve. Let the lime which paffes be ufed inftantly, 
or kept in air-tight vcflcls, and let the part of the limr 
which does ‘not pafs through the fieve be rejected: the 
other part is called purified lime. Let bone-afli be pre- 
pared in the ufual manner by grinding the whiteft burr.t 
bones; but let it be fifted to be much finer than the bone* 
afh commonly fold for making cupels. Having thus pre- 
pared the materials, take lifty-fix pounds of the coarfe 
land, and forty-two pounds of the fine fand ; mix them on 
a large plank of hard wood placed horizontally ; then fpread 
the fand fo that it may ftand to the height of fix inches, with 
a flat furface on the plank ; wet it with the cementing li- 
quor i to the welted fand add fourteen pounds of the puri- 
fied lime, in feveral fucceflive portions, mixing and beating 
them up together ; then add fourteen pounds of the bone- 
alh in fucceflive portions, mixing and beating all together. 
This Dr. Higgins calls the water-cement coarfe-g rained, 
which IS to be applied in building, pointing, plallcring, 
lluccoing, &c. obferving to work it expeditioufly in ail 
cafes, and in fVuccoiiig to lay it on hy Aiding the trowel up- 
wards upon it ; to well wet the materials ufed with it, or 
the ground on which'it is laid, with the cementing liquor, at 
the time of laying it on; and to ufe the ceiqenting 
for moiftening the cement and facilitating the floating of it,. 

If a cement of a finer texture te required, take ninety- 
cight pounds of the fine fand, wet it with the cementing 
liquor, and miit it with fhe purified lime and the bone-afli 
as above, with this difference, that fifteen pounds of lime 
are to be ufed inftcad of fourteen pounds,, if the greater 
part of the fand be as fine as liynn fand. This is called 
water-cement fine-grained ; and is ufed in giving the laft 
coating or the finiih to any work, intended to imitate the 
finer grained ftones or ftucco. For a cheaper and coarfer 
cement, take of coarfe fand or fhingle fifty-fix pounds, of 
the foregoing coarfe fand twenty-eight pounds, and of the 
finer fand fourteen pounds ; and after mixing and wetting 
thefe with the cementing liquor, add fourteen pounds, or 
fomewhat lefs, of the purified lime, and then as much of the 
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bone-alh, mixing them together. When the cement is re- 
quired to-be white, white fand, white lime, and the whitdt 
hone-afh arc to be chofen. Grey fand, and grey bone-afli, 
formed of half-burnt boacs, are to be chofen to make the 
cement grey ; and any other colour is obtained, cither by 
chufing coloured fand, orbvthc admixture of the iieceffary 
quantity of coloured talc in powder, or of coloured vitreous 
or metallic powders, or other durable colouring 
commonly ufed in paint. The water-cement abo>^ defenbed 
is applicable to forming artificial ftone; by making alter- 
nate layers of the cement and of flint, hard ftone, or brick, 
in moulds of the figure of the intended ftone', andby ex- 
pofing the maffes fo formed to the npen air to harden. 
When it is- required for water fences, two-thirds ot the 
hone-afhes are to be omitted, and in its ftcad an equal mea- 
furc of powdered terras is to be ufed. When the cement 
is required of the fineft grain, or in a fluid form, fo that 
it may be applied with a brufh, flint powder, or the powder 
of any quartofe or hard earthy fubftante, may be ufed in 
the place of fand, fothat the powder fhall not be more than 
fix times the weight of the lime, nor lefs than four times its 
weight. For infide work, the admixture of hair with the ce- 
ment is ufcful. Higgins’s h 2 xp. and Obf. on Calcareous 

Cements, &c. 8vo 1780, paflim. See Stlixo. 

Mortar, Mixing and Blending of , M. helihicn obferves, 
that the ancient mafons were fo very fcrupulo.is in this proccls, 
that the Greeks kept ten men conllantly employed, for a long 
fpace of time, to each bafon ; this rendered the mortar o 
fuch prodigious hard: cfs, that Vitruvius tells us tlic pic-ces 
of platter falling off from old walls ferved to make tab.es. 
The fame Fclibien adds, it is a maxim among old niafons to 
their labourers, that they fliould dilute with the fv eat ot 
their brow, # e, labour it a long time, inftead of drowning 
it with wa er to have done the fooner. 

Mortar- TI/iY/, in R»ral Ecommy, a maclunc contrived 
by Mr. Supple, for the purpofe ot faving labour in the 
making up of mortar, as well as doing tlic bufinefs more 
effedlually and at a trifling cxpcnce. It may alfo be uielul 
in w^orking clay, &c. 

And the mode oi doing it is thus deferibed by the in- 
ventor : “ A pit is dug in the ground, which is bnekea 
at the bottom and fides, into which the operator puts the 
lime. He has the cornn.and of a fmall ftream ot water, 
which is conveyed at pleafure into the pit, and in a few 
days the lime is fuffic.cnlly flaked ; he then puls the lime 
and fand, or gravel, into the mill, which not omy mixes both 
together, but incorporates them in a very effectual manner ; 
and, as the lime is fufficiently motft when taken out of the 
pit, no more water is required for the mortar. If for 
prefent ufe, the quantity he makes at a time is fix buflicls, 
as he finds when more is put in, it is apt to ftrain the cogs, 
if not made very ftrong. If the mortar is made with laud 
alone, fhe fpace between tlie cogs need not be made fo wide 
as three inches. He has a fecond fhaft, with clofer cogs, 
in order to give the mortar another working ; the fpace bcu 
tween tbefe cogs is but two inches ; but it doea not anfwer 
well till after the firft (haft has been ufed, nor is itneceffary^ 
iinlcfs for very nice work.’* He adds, that he made 
200 barrels of lime into mortar laft fummer, and haa.iww 
the like quantity of lime in the pit for the fame^ purpoie. 
He made fix barrel* of mortar in a day with eafe; aboy 
of feven years old drives the horfe, and the moil* indiTOrenb 
one is good enough for the purpofe, the draught being* fo 
cafy.** This machine may be wrought by any other power, 
as water, wind, or ileam. ^ ' 

The nature, plan, and conftruAion of the maphine are Iccti 
at 4, in Plate XXIV. Mifccllany, in which A is the plan of 
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the boarded ttoor, railed eiglit inches trom the ground, four 
feet two inches in diameter, and furrounded by a fourteen^ 
inch wall, whofe outfide height is two feet. B, a Aiding 
door, two feet -vide. C, plan of the ihaft, with its cogs, 
or teeth ; its length eleven feet eiglit inches, breadth eight 
inches, depth five inches. D, plan of the poll, or axk, on 
which the Aiaft turns round ; diameter feven inches, height 
twenty inches. E E, plan and upright of one of the cog0 
as it (lands in the mill. The plan is a rhombus, the longed 
diagonal is three inches, the Ihortell but two, in order to 
make the angles of the cogs more acute, by which meant 
they will pal's through the mortar with the greater eafe. 
F, clevaii >n' and feiilion of the mill in perfpe6tive. 

The inventor dates, that the fpace between the coga ia 
three inches, except the (irft to the left of the poft, which is 
but half an inch dillant from it, in order to give the cogs to 
the left a different dire£lion from thofe on the Tight; 
and its ufe will, by infpe< 5 lion, readily appear. There 
mud be a fpace of two inches between the end of the 
cogs and ilie floor, in order to give the gravel a free paf- 
fage, which would oilier wife llrain the cogs, and Hop the 
conrfe of the mill.^* 

BeTidcs the common mortar ufed in laying of floues,. 
bricks, See, there are feveral other kinds ; as, 

Moutau. JVhUey uTed in pladering the walls and ceilings; 
made of ox cr cow’s hair mixed with lime and water, with- 
out any fand, Tlic co.nmon method of making this niortam 
is one bulbel of hair to fix buflicls of lime. 

MoilTAll ufe'd in nuiking Water-Courjes^ CiJlcrnSy is 
very hard and dura.ble, being made of lime and hogs-greafe, 
fometirnes mixed v/uh the juice of figs, and fometimes with 
liquid pitch ; and, after application, is wafhed over with 
hiifecd-oil. See Beton. 

l or this purpofe, mortir made of terras, pozzolana, tile- 
dull, or cinders, mixed and prepared in tW fame manner 
as common m<^rtar ; t>nly that thefc ingredients arc mixed 
with iirne, in Head of fand, in a due proportion, which is 
about half and lialf. Tlie lime (hould be made of (hells or 
r.arble ; and in works wIirIi are fometimes dry and fome- 
times wet, inllcad of terras, which is very dear, tile-dull dr 
cinder-dull may be ufed. 

Mout\r for Furnaces i See LuXB. 

Mortah fgr i^mi-Dials on walls may be made of lime 
and fand, tempered with linfccd-oil ; or, for want of that, 
with (liimmcd milk. This will grow to the hardnefs of a 
Hone. 

For buildings, one part of waflicd foap-a(ho8, mixed witl^ 
another of lime and fand, make a very durable mortar. See 
Ca^ment. 

d'he faltpctre workers in France ufiiig the mortar of old 
buildings for extracting that (alt, M. Petit has thought it 
wrorthy a pcciili.ir attention, and has made feveral trials, 
by way of analylis of morUr, to determine whether it really 
and elTcntially contains nitre in it, or whether it be only 
ferviceable in that mixture of falts from which nitre is pro- 
duced* 

The common managers of the faltpetre works arc of 
opinion, that mortar contains in it all the faltpetre they 
procure from it ; and that the wood-alhes, and other fub- 
ilances they ufe with it, only ferve to abforb the fat or oily 
parts, and to fet the faltpetre at liberty to (hoot. This 
they pretend to affirm upon experience ; but they do not 
confider, that though they can procure faltpetre from the 
rubbi(h or mortar without the addition of wood-alhes, yet 
it is not pure mortar that they make their experiments upon, 
but fuch as is taken from their own heaps, upon which they 
always throw all the refiduum of their former works, and 


all that liquor which will (hoot no more crydals, but which 
they call the motlier-water of faltpetre. 

This gentleman, therefore, very properly judged, that to 
make a regular trial of the mortar or riibbi(h alone, he mull 
not take it from their (lores, ufed in the faltpetre works, 
but pick it himfelf from the ruins of old buildings. 

The mark the faltpetre workers have to know good mor- 
tar for their purpofe is, that it ta(les acrid and fait when 
applied to the tongue ; but to this it may be alfo added, that 
it ought to be of a greyifli colour, and fuch as, when pow- 
dered and fprinkled upon burning charcoal, yields fome 
fparks of (ire ; and the more fparks it gives, the better it is 
for the purpole : and another charadler of the goodnefs is, 
that thefe well impregnated mortars have a certain unc- 
tuofity or fattinefs to the touch, which other kinds have 
not. 

The fineft of all kinds of mortar for faltpetre work is 
fuch as is had from the ruins of old buildings in a low fitua- 
tion, and out of the way of much funfhine ; where there 
has been no great quantity of fire kept, and efpecially fuch 
as has ferved for the cements of the walls of (labics, or the 
like. 

M. Petit chofe from fuch a wall twelve pounds of old 
mortar ; this he had beaten to powder, and poured upon it 
eighteen pints of water ; the whole was then fet over the 
fire, and Hirred from time to time for three or f'ur hours, 
that the water might be well tindured from the mortar ; 
after this the water was filtered through paper, and was then 
found to be tindured to a pale, yellow', tranfparcnt bitter, 
and fome what acrid to the talle. 

The impregnation may be made without heat, by only 
ftirring the mortar about for nine or ten days in cold water, 
and a quantity of the fait taken up will be according to the 
goodnefs of the mortar and the quantity of water employed. 
The common fpecific gravity of this liqueur to water is as 
32 to 31, or thereabouts. M. Petit having procured the 
tindure of fifty pounds of mortar, by feveral impregnations, 
in 72 French pints of water, evaporated it fo far till it ap- 
peared highly charged with faline particles, lading very 
acrid and bitter, and being of a brownifli-red colour ; and its 
fpecific gravity was in this date to water as 4 to 3, tlierc 
being more in quantity than about four pints. Tiiis was dill 
limpid and of a dufl^y colour, and was afterwards evaporated 
over a gentle fire, to the confidence of an exlrad, which, as 
it cooled, became much thicker and firmer, rcfembling but- 
ter. This being left open to the air, foon relented into a 
liquor of the confidence of a fyrup : its Specific gravity was 
now to water as 5: to 3 ; but in leaving it open to the air, it 
continually attraded (rc(h humidity, and became lefs fpcci- 
fically heavy. Experiments made with this extrad fuc- 
ceeded in the following manner : 

1. It turned the common blue paper to a fine deep red. 
The impregnations hi water uninfpilTated do this alfo in dif- 
ferent decrees, according to their (Irength. 

2. Mixed in equal quantities with fpirit of nitre and with 
fpirit of fea-falt, it made no effervefcence or alteration in 
cither. 

3. A leaf of gold being put into the mixture of this im- 
pregnation with fpirit of nitre, was immediately diifolved ; 
and in an hour or two afterwards, the liquor was much 
clearer than before. 

A leaf of gold being put into the mixture of this impreg- 
nation and fpirit of fea-falt, was in the fame manner dillolved 
in a few minutes. It is generally fuppofed, indeed, that tlie 
fpirit of fait alone will diffolvc gold ; but there feems to be 
an error in this, founded on the inaccuracy of the prepara- 
tion of fuch fpirit of fait ; for MefTrs. Geoffroy and Boulduc 
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have at different times produced before the French Academy 
fpirit of fait carefully prepared by themfelves, which would 
not at all dilTolve gold, not even with the afliftance of heat : 
even fuch fpirit of fait would, however, be made to dilTolve 

S VJ, by mixing this impregnation with it; fo that it has 
; power of diflblving gold m a mat degree. 

4. A leaf of filver being diffolved in fpirit of nitre, and 
this impregnation of mortar added to the folution, the whole 
became turbid, and a precipitation happened, part of the 
matter being thrown to the bottom, and part remaining fuf- 
pchded in form of a white cloud, which kept its place with- 
out falling. 

j. The impregnation being mixed in equal quantities with 
oil of vitriol formed a coagulum, an'd made a great effer. 
vefcence, with copious red vapours, and a llrong fmcll of 
aqua fortis j and thefc vapours appeared at any time, on 
flirting the mixture, for feveral days together. If a larger 
quantity of oil of vitriol be added to this coagulum, it all 
become!) fluid, but ferments violently; and finally, there 
will be a white matter precipitated to the bottom of the 
clear liquor ; and if a leaf of gold be brought near this mix. 
ture, it will be diffolved even by the vapour which exhales 
from it. Spirit of nitre has no effeft upon this mixture, 
either in its Hate of coagulum, or when reduced by more oil 
of vitriol into a clear liquor ; but the volatile fpirit of urine 
ferments violently, without the leafl heat with it. 

6. Oil of tartar j/tr Mquium being added to the impreg. 
nation, the liquors would not readily mix, but remained 
paratc, the impregnation finking to the bottom ; but on flir. 
ring them thoroughly together, they finally were made to 
unite into a white fubAance like butter, with a llrong 
urinous fmell. IfNaCmall quantity of corrofive fublimate be 
added to this mixture, the urinous fmell ccafes ; and if oil of 
vitriol be added, there is a violent fermentation occafioned ; 
and, in fine, a large quantity of precipitate. 

7. This impregnation of mortar being mixed with an 
equal quantity of a folution of corrofive fublimate, there is 
nothing remarkable produced, though the mixture be ever fo 
much Ihaken ; but if a little oil of tartar per deliguium be added 
to this, the mixture becomes turbid, and, on llirnng all 
together for fome time, it becomes white and lliick like but- 
ter. If to this, more corrofive fublimate be added in foiu. 
tion, it becomes orange^oloured ; and, on more Itirring, 
this becomes again white ; and finally gives a white precipi. 
tate at the bottom of a tranfparent liquor, 

8. If, ioflead of oil of tartar, an equal quantity of lime- 
water be added, this in the fame manner gives an urinous 
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fmell, and the whole difference is, that the mixture will not 
become thick with this, as it will with oil of tartar. 

9. The impregnation of mortar produced the fame coa- 
gulum in mixing with fpirit of urine, that it did with oil of 
tartar per deliquium; but it made no coagulation with fpirit 
of fal ammoniac with lime ; the occafion of this difference 
is, that the fpirit of urine contains a great deal of volatile 
fait, and the other but little. It is a common error to fup. 
pole that the fpirit ot fal ammoniac, which is moll pungent, 
contains the greatefl quantity of fait ; but this is not the cafe, 
for the fpirit made with lime is much more pungent than that 
with fait of tartar, though the laft is well known to contain 
a much larger portion of faline particles. 

10. If a piece of paper or linen be wetted in this impreg- 
nation, and afterwards dried, it takes fire very violently, 
and fparkles with the fame violence as if it was impregnated 
with faltpctre. 

From thefe experiments it is abundantly proved, that the 
impregnation of mortar contains a large quantity of a faline 
and nitrous ammoniac fait ; for a diffolution of fal ammoniac 
and fpint of nitre, mixed together, are found to produce all 
the changes in the different bodies before name^ that the 
impregnation does. On the whole, though it has been flip- 
pofed by Mr. Toumefort, and others, that mortar con- 
tained faltpetre, fea-falt, and a fixed alkali ; yet there does 
not appear any proof of its containing any of thefe falts : no 
fixed alkali can ever be feparated from the impregnation of 
it ; and though the linen or paper, wetted in the impregna- 
tion of it, fparkled when on fire, yet it is not nitre, but 
merely a nitrous fal ammoniac, which occafions that pheno- 
menon. The fame effeft is produced, if the linen or paper 
be wetted with a mixture of fpirit of urine and fpirit of nitre. 
And the feveral experiments before recited prove, that there 
is in mortar a fpirit of nitre ai^ a fpirit of fca-lalt, which, 
with the volatile urinous falts, form a nitrous or a faline am- 
moniac. Mem. Acad. Scienc. Par. 1734. 

Mohtar, in Chemjflryy Is’f. is an initriiment very ufeful 
for the divilion of bodies, partly by pcrculTion, and partly 
by grinding. They have the form of an inverted bell, and 
are made of all fizes and materials, as marble, copper, glafs, 
iron, grit-llone, and agate. The matter inteiulcd to be 
pounded is to be pul into them, and there ftriick and bruifed 
by a long inllrument called zpefle. This, when large and 
heavy, ought to be fufpended by a cord, or chain, fixed to a 
moveable pole, placed horizontally above tlie mortar, which 
confiderably relieves the operator, becaufe its elaflicity aflills 
theraifinc of thepellle. 
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MOULD, or Mold, in the Mechanic Arts ^ See, a cavity 
artfully cut, with defign to give its form, or imprefiion, to 
fomc iofter matter applied in it. 

Moulds are implements of great ufe in fculpture, found- 
ery, See, 

The workmen employed in melting the mineral or metallic 
glebe dug out of mines, have each their fcvcral moulds, to 
receive the melted metal as it comes out of the furnace ; but 
thefe are different, according to the diverfity of metals and 
works. In gold mines, they have moulds for ingots ; in Izl- 


ver mines, for bars ; in copper and lead mines, for pigs oi 
falmons ; in tin mines, for pigs and ingots ; and in iron 
mines, for fows, chimney>backs, anvils, cauldrons^ pots, and 
other large utenfils and merchandizes of iron ; which are 
here call, as it were at firft hand. 

MouJLDfj of Founders of large Worhs^ as ftatues, bells, 

f uns, and other brazen works, are of wax, fupported within* 
de by what they call a core^ and covered witfioutiide with 
a cap or cafe. It is in the fpace which the wax took up, 
which is afterwards melted away to leave it free, that the liquid 
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metal runSf and the work is formed ; being carried thither 
through a great number of little canilsi which cover the 
whole mould. SccFoundery. 

MouLt>s of ^ Money ers are frames full of fandi in which 
the plates of metal are caft that are to ferve for the ftriking 
of ipecies of gold and filver. See Coining. 

A fort of concave moulds made of clay, having within 
them the figures and inferiptions of ancient Roman coins, 
are found in many parts of England, and fuppofed to have 
been ufed for the calling of money. 

Mr. Baker having been favoured with a fight of fomc of 
thefe moulds found in Shroplhire, bearing the fame types and 
inferiptions with fome of the Roman coins, gave an account 
of them to the Royal Society. 

They were found in digging of fand, at a place called 
Ryton, in Shroplhire, about a mile from the great Watling- 
ftreet road. They are all of the fize^of the Roman denarius, 
and of a little more than the thickncfs of a halfpenny. They 
are made of a fmooth pot or brick clay, which feems to have 
been liril well cleanfed from dirt and fand, and well beat or 
kneaded, to render it fit for taking a fair imprellion. There 
were a great many of them found together, and there are 
many of them not unfrcquently found in York (hire ; but 
they do not feem to have been met with in any other king- 
dom, except that fome have been faid to be once found at 
Lyons. They have been fometimes found in great numbers, 
joined together fide by fide, on one flat piece of clay, as if 
intended for the calling a great number of coins at once ; 
and both thefe, and all the others that have been found, feem 
to have been of the emperor Severus. They are fometimes 
found imprelTcd on both iidea ; and fome have the head of 
Severus on one fide, and fomc well-known reverfe of his on 
the other. They feem plainly to have been intended for the 
coinage of money, though it is not eafy to fay in what man- 
ner they can have been employed to that purpofe, efpecially 
thofc which have imprelfions on both fides, unlefs it may be 
fuppofed that they coined two pieces at the fame time by the 
help of three moulds, of which this was to be the middle 
one. 

If by difpofing thefe into fome fort of iron frame or cafe, 
as our letter-founders' do the brafs moulds for calling their 
types, the. melted metal could be eafily poured into them, it 
would certainly be a very eafy method of coining ; as fuch 
moulds require little time or expence to make, and therefore 
might be lupplied with new ones as often as they happen to 
break. 

Thefe moulds feem to have been burnt or baked fufficiently 
TO make them hard ; but not fo as to render them porous like 
our bricks, by which they would have loll their fmooth and 
oven furfdcc, which in thefe is. plainly fo clofe, that whatever 
metal Ihould be formed in them would have no appearance 
like the fand-hules by which the counterfeit coins and medals 
are ufualiy detoAed. 

Moulds of Founders of fmall Works are like the frames of 
coiners : it is in thefe frames, which are likcwife filled with 
faud, that their feveral works are faftiioned ; into wdiich, wh^n 
the two frames of which the mould is compofed are rejoined, 
the melted brafs is run. 

Moulds of Letterfounders are partly of Heel and partly 
wood : the wood, properly fpeaking, ferves only to cover 
the real mould which is within, and to prevent the work- 
man, who holds it in his hand, from being in ommoded 
by the heat of the melted metal. Only one letter or type 
can be formed at once in each mouk). Sec Found- 
er y. 

Moulds, in the Manufacture of Paper^ are little frames 
compofed of feveral brafs or iron wires, faflened together by 
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another wire dill liner. Each mould is of the bignefs of the 
Iheet of paper to be made, and has a rim or ledge of wood 
to which the wires are failened. Thefe moulda aac more 
ufualiy called frames or forms. 

Moulds, Furnace and Crucible Makers*^ are made of woody 
of the fame form with the crucibles; that is, inform of a trun- 
cated cone : they have handles of wood to hold and turn 
them with, when, being covered with the earth, the workman 
has a mind to round or flatten his velTeL 

Moulds for Leaden Bullets arc little iron pincers, each of 
whofe branches terminates in a hemifpherical concave, which, 
when fhut, form an entire fphere. In the lips or fides, 
where the branches meet, is a little jet or hole, through which 
the melted lead is conveyed. 

Moulds, Laboratory^ are made of wood, for filling and 
driving all forts of rockets and cartridges, &c. 

Moulds, Glaziers'* The glaziers have two kinds of 
moulds, both ferving to caft their lead : in one they caft the 
lead into long rods or canes fit to be drawn through the vice, 
and the grooves formed therein ; this th^'y fometimes call 
irt^o/.mould. In the other they mou^d thofe little pieces of 
lead a line thick, and two lines broad, faftened to the iron 
bars. Thefe may be alfo caft in the vice. 

Moulds, Goldfmiths*. The goldfmiths ufc the bones of 
the cuttle-filh to make moulds for their fmall works ; which 
.they do by prefling the pattern between two* bones, and leav- 
ing a jet or hole to convey the filver through, after the pat- 
tern has been taken out. 

Mould, among Mafons, is a piece of hard wood or iron, 
liollowcd withinlide, ai.fwerable to the contours of the mould- 
ings or cornices, &c. to be formed. This is otherwife called 
caliber. 

Mould, a cavity formed in the external furfacc of a body, 
intended to be caft of liquid or foft matter, which after a 
certain time wil* acquire folidity. 

Mould, in Mafonry, is a templet made to a fe£lion of 
the lion • 'ait .idef I to be cut. The ends or heading-joints 
being forua d as in a cornice by means of the mould, the in- 
termediate parts are \Nrought down by ftraight edges or cir- 
cular templets, according as the work is ftraight or circular, 
upon ih • pla e. When the furface intended to be made is 
required to be very exa6l, a reverfe mould is ufed in order 
to prove the uork, by applying the mould in a tranfverfe 
dire6tion. 

Moulds, among Plumbers^ are the tables on which they 
call their (beets of lead. Thefe they fometimes call (imply 
tables. Befides tliele they have other real moulds, with 
which they caft pipes without foldering. See each deferibed 
under Plumbery. 

Mould.s, among the G/^7/j-Grf«d!prj, are wooden frames, 
on which they make rhe tubes with which they fit their per- 
fpedives, tclefcopes, and other optic machines. 

Thefe moulds are cylinders, of a length and diameter ac« 
cording to the ufe they are to be applied to, but always 
thii ker at one end than the other, to facilitate the Hiding. 
The tubes made on thelc moulds are of two kinds ; the one 
fimply of pafteboard and paper ; the other of thin leaves of 
wood joined to the pafteboard. To make thefe tubes to draw 
ou% only the lad or inner moll is formed on the mould ; each 
tube made afterwards ferving as a mould to that which is to 
go over it, but without taking out the mould from the firft. 
See Grinding. 

Moulds ufed in bafket-making arc very fimple, confiding 
ordinarily of a willow or oficr turned or bent into an o^ 
circle, Iquare, or other figure, according to the balkets, 
panniers, hampers, and other utenfils intended. On thefe 
moulds they make, or, more properly, meafure, all their 
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work : and, accordingly, they have them of all fizea, 
(hapes, &c. 

Moulds, in Ship Butldtn^^ are the fhapes of the various 
timbers, knees, &c. made of board from the lines on the 
mould4oft floor, for the purpofe of fawing out the various 
timbers, &c. to the (hape required. Alfo thin flexible pieces 
of pear-tree or box, ufed in drawing the draughts and plans 
of a (hip. 

Mould-Z»^ is a long even floor, on which the (hip is 
laid-off to its full fize, from the draughts and feveral other 
operations, which will be correftly explained in the article 
Ship*building. 

Moulds, among Tallow Chandlers^ are of two kinds ; 
the firft for the common dipped candles, being the vef- 
fcl in which the melted tallow is difpofed, and the wick 
dipped. 

This is of wood, of a triangular form, and fupported on 
one of its angles, fo that it has an opening of near a foot 
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at top : the other, ufed in the fabric of mould candles, is of 
brafs, pewter, or tin . Here each candle has its feveral mould. 
See each under Candle. 

Mould, among Gold Beaters^ a certain number of leaves 
of vellum, or pieces of guts, cut fquare, of a certain fize, 
and laid over one another, between which they put the leaves 
of gold and (liver which they beat on the marble with the 
hammer. See Goi.j>-Leaf. 

They have four kinds of moulds; two of which are 
of vellum, and two of gut : the fmalleft of thofe of vel- 
lum confifts of forty or fifty leaves ; the larreft contains 
a hundred: for the others, each contain five hundred 
leaves. 

The moulds liave all their feveral cafes, confifting of two 
pieces of parchment, ferving to keep the leaves of the 
mould in their place, and prevent their being difordered 
in beating. 
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MUFFLE, in Metallurgy, is an arched cover, refitting 
the ttrongt’ll fire, and made to be placed over copels and 
lefts in the operation of allaying, to preferve them from the 
falling of coals or afhes into them ; though at the fame time 
of fuch a form, as not to hinder the action of the air and 
fire on the metal, nor prevent the infpeftion of the aflayer. 

The muffles may be made of any form, fo that they have 
tht'fe conditions ; but thofe ufed with copels arc commonly 
made femi cylindrical, or when greater veflels are employed, 
in form of a hollow hemifphore. 

The muffle mull have apertures, that the affiycr may 
look in, and the fore-part of it muft always be quite open, 
that the air may afi better in corijundion with tlie fire, and 
be incellantly renewed ; for without this, fcarcely any fumes 
are to bo produced, and without theie, the vitr'ticaiion of 
lead h feared y pra<ltticablc* ; for when the air is once filled 
with a certain quantity of vapours, it fcarcely admits any 
more aberwards; and for this reafon a conftant liicceflion 
of frefti air is ncccffary. The a^eitures in the muffle ferve 
alfo for the reginnm of the tire ; for the cold air rufhing 
into the larger opening before, cools the bodies in vefiel; 
but if fume coals are put in it and its aperture before be 
then (hut with a door fixed to it, the fire will be increafed to 
the higheft degree, much more quickly than it can be by 
the breathing-holes of the furnace. Another ufc of theie 
apertures is alfo, that the arfenical vapours of le.id and anti- 
mony, paiTing thrviugh the holes in the back part of the 
muffle, may not be ofTenlive to the affayer, who Hands 
before it. 

As to the height, length, and depth of the muffles, thefe 
mutt be proportioned to the lize and number of the veflels 
they are intended to cover ; and care mull be taken in this, 
that all parts of the inner furface of thofe veflels muft be 
within the reach of the aflayer’ s eye. The moll frequent fixe 
of the muffle, however, is four inches high, fix or eight inches 
long, and four or fix inches broad. The fegments cut off 
at the bafes, for the Icfler holes, mutt be of fuch a pro- 
portioned height, that the Iratt veflels put under it, may 


not be in the way of coals or afhes falling into them, for 
that always hinders the vitrificadon of lead, and the deftruc- 
tion of the other metals and fcnii-metals, and will fometimes 
entirely reduce them again when already deftroyed ; and the 
fcori*, foftened by afhes, foften and retard the operation. 

Wooden moulds of a proper (hape are moft convenient 
for the making of thefe muffles, and the matter of which 
they are made is the fame with that of the German olay- 
tefts ; this is, either a pure native clay, of a condition to 
bear the fire, which will be known upon the trial ; or 
fuch clay hardened by a mixture of the powder uf ftones : 
and in order to the forming of thefe, the mafs mutt be 
made tolerably foft and pliant. Knead a fufficient quan- 
tity of this mafs with your hands upon a flat ftonc ; fpread 
it out evenly into a thin cake or plate, fomewhat longer 
and broader than you intend the muffle to be made j and 
fo thick, that two or more thin plates or lamina^ of about 
two lines thick each, may be cut off from it. This is 
eafily done by rolling the mafs on the ftone with a roll- 
ing pin, ttrewed over lightly with afhes, or powder of 
chalk. 

\V hen the cake is thus rolled out, with a thin, fine, and 
perfe6llY ftraight brafs-wire, cut off from the cake one 
thin plate ; this muft be done with great caution left it 
fhould break : take this up, and rubbing it over with oil 
or fat, Jay it over the mould ; then cut out a femicir- 
cular piece from the mafs, of the fame thicknefs with the 
former, and with this cover the back plane, or farther end 
of the mould, joining the edges of this plate to thofe of 
the former, ciofely and perfeftly, by wetting them well with 
water. 

Next cut off from the cake another thin plate, to be the 
bottom of the muffle ; this may be either left loofe for the 
muffle to be placed on it occafionally, or the bottom edges 
of the already formed muffle may be joined to it all round 
by means of water, as the back was before jointed to the 
arched part of the muffle. But whether it be intended that 
the bottom fhnuld be thus fixed on, or left loofe, it muft 
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be half an inch broader every way than tlie bottom of the 
muffle^ that this may Hand the more fure and firm upon its 
bafis. 

When the muffle is thus made, wet your hand, and rub 
it carefully all over, that the frnall, and perhaps inviiible, 
cracks and chinks in the plates may be clofely joined, and 
the whole matter of it applied perfedlly clofe to the fur- 
face of the mould. 

When the muffle has been fome time expofed to the air, 
and is fomewhat dried, and haidencd on the mould, cut 
out two or three hemifpherical pieces on each Tide, to 
make the holes before deferibed, at the bafis and back, 
and then draw away the mould from within it ; for if 
the muffle is fuffered to dry perfectly on the mould, it 
always cracks. When the whole is pcrfeftly dry, let it 
be baked in a potter’s kiln, or in the aflayer’s oven; 
but wrhout great care in the latter method, and light- 
ing the fire at top at firit, it is apt to crack ; fo that 
the potter's kiln, where at hand, is much the better way 
of baking it. 

If there be adapted to the formerly deferibed convex 
mould, another concave one nearly fitting it, only leaving 
room for the thicknefs of the muffle between them, and the 
clay be placed between them, and formed by this means 
into its exaft fliape, by a ftrong and every way equal pref- 


lure, this will make muffles not only With much lefs trouble, 
but they will be much Itronger, lets apt to crack, and more 
capable of refilling the fire, tlian thofe made by the hand in 
the other way. 

The only cautions necefTary for making thefe, are, that 
the clay be a little drier than when it is to be worked by the 
h.ind ; that the fides, bo h of the inner and convex mould, 
anti of tlic outer cotic.ive t ne, be thoroughly oiled or greafed, 
and the prcffure on the fuiface of the outer or concave 
mould be as (Irurig and equal as may be. There is no clay 
better for making thefe muffles than the Windfor-loam, an 
earth well known among the chemills.and glaffmen, and 
always to he fold in London ; and rubbing the infidc of the 
mould with black lead in fine powder very well fupplies the 
place of grealing them, lo prevent the matter from flicking 
to them. " 

riiefe are the muffler ordinarily ufed in aflaying ; but 
when very lai^e tefts are to be covered, they ufe large 
Iphcroidal muffles, made of call iron, or fometimes of the 
fame clay, and wrought in the fame manner, only made 
upon proportionably hirger moulds. The clay is ufually, 
for thefe large ones, only laid in a lump on the top of the 
mould, and with wet hands fpiead all over it to the bot- 
tom, and by this means a muffle is made with little trouble. 
Cramer. 



Nails 


Nails, in Building, kc, are little metalline members, 
fervin)^ to bind or fallen the parts together, &c. 

The feveral ki^'ds of nails arc very numerous. As bad 
nails, made with flat (hanks to hold tall, and not open the 
wood. Clamp nails, thofe proper to fallen the clamps in 
buildings, Sec. Cluff nads, whofe heads are flailed, and 
clafping and (licking into the wood, render the work fmooth, 
fo as to admit a plane over it ; the moft common in building 
are dillinguilhed by 20^/., 2j., &e. Clench nails, thole 
iifed by boat, barge. builders, with b^/ves or nuts, and 
often wilhoMt; for live work, they are made with clafp 
heads, or with the head beat Hat on two fidcs. Clout nails, 
thofe ordinarily -’fed for nailing on of clouts to aUe-trees; 
they are flat-headed nails, and iron work is ufually fixed 
with thefe u uLs. Deci nails, thofe proper for fallening of 
decks in (liips, doubling of (liipping, and floors laid with 
planks. Dog nails, or j bent nails, proper for fallening of 
hinges to doors, &c. Flat points are of two kinds, viz, 
/ongf much uled in (hipping, and proper where there is oc- 
calion to draw and hold tail, yet no necemty ot clenching J 
and Jborif which arc fortified with points, to drive into oalkp 
or other hard wood. Lead nails, ufed to nail lead, leather, 
and canvas, to hard wood ; thefe arc clout nails dipped in 
lead or folder. Port nails, commonly ufed to nail hinges 
to the ports of (hips. Ribbing nails, ufed to fallen the rib- 
bing, to keep the ribs of ihips in their place in building. 
Rofe nails arc drawn four-fquarc in the fhank, and com- 
monly in a round tool. Rather nails, chiefly ufed to fatten 
rother-irona to (hips. Scupper nails, much ufed to fatten 
leather and canvas to wood. Sharj^ nails, much ufed, efpe- 
cially in the Wed Indies, made with (harp points and flat 
flianks. Sheathing nails, ufed to fallen (heathing-boards to 
(hips : the rule for their length is, to have them full three 
times as long as the board is thick. Square nails, of the 
fame (liapc as Jharp nails; chiefly ufed for hard woods, 
Brads^ long and (lender, without heads, chiefly ufed for 
thin deal work, to prevent fphtting. To which may be 
added tacks; the fmalleft ferving to fallen paper to wood; 
middling, for wool-cards and oars ; and larger, for uphoU 
■fterers and pumps. They are dillinguilhed by the names of 
white tacksy 2r/., 3^/., and 4^. tacks. 

Nails are faid to be toughened, when too brittle, by 
heating them in a fire-lhovel, and putting fome tallow or 


grcMle among them. 

Nails are (old fix-fcore to the hundred. 

Nails, Manufacture of. The immenfe confumption of 
thefe articles, in all the mechanic arts and trades, caufc their 
fabrication to be a confiderable branch of national manufac- 
ture. It is chiefly carried on in SiaflFordlhire, in the iieigh- 
bt'urhood of Dudley, Wolverhampton, and Birmingham: 
indeed it is the principal confumption of the malleable iron 
made in that part of England. The iron ufed in the nail 
trade is of the chcapett fort, chiefly made in the Pudling 
furnaces, and worked by rollers inttead of a forge-hammer, 
(See luoN.) This metal is, by repeated rolling, reduced 
into finall tliin bars, which are thtm pafled through the 
grooves of the (litting-rollers, and thus divided or flit into 
three, four, five, or iix (mall fqiiare rods, of a proper fize 
to make nails. (See RoLiuNG-ylriV/ ) I'hefe, which are 
called nail rods, are a very extenfive article of trade. The 
nailers refi ll chiefly in the cottages, where the women and 
children afTill in the l<‘l)our. They employ forges fuch as 
arc ufed ly finilhs ; hui the bellows are very lightly loaded, 
fo that a very fin il! motKni given to them now and then will 
blow lulfi' ently to heat th- rods; two, tliree, or four of 
whuh, according to their Ir/e, are always kept in the fire 
together ; and when any one nas a gOud n d heat, the nailer 
takes it out of the fire, and, battaing ;t ('ii riic anvil, brings 
it to, a (harp fcjuuro point at tw^o or four llrokes ; he then 
applic*? it over the edge of a clni.el, fixed on the anvil, and 
by (Iriking a lingic blow on the rod, cuts off a fufficient 
length to make a nail, winch fafli into a tin pan; then he 
makes another, and cutt.ng it off likewife, returns the end 
of the rod to the fire for another heat : now, with a pair of 
tweezers, like lugar-tongs, he takes up the nail, and intro- 
duces its point into a fquare tapering hole, made acrofa 
through the end of an iron tool or mould ; by ttriking a 
blow or two on the end of the iron, he flattens it down, 
and forms a head, the figure of which is determined by the 
number and diredion of the blows given it. This procefs is 
conduAed with a furprifing rapidity, as the nailers, by long 
praAice, acquire a mechanical habit of lorming a complete 
nail by a certain number of (Irokes, fo as never in ibe courfe 
of an hour to make an unncceffary movemert. For large 
nails they can only make one, and cut it off, at each time 
they take the iron from the fire ; becaufe they would be un- 
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ftble to get the heidiiig finiffied, whilft they were Tuficientlf 
hot* The length of the nail is regulated by a ftop, fixed at 
• certain diftance the edge of the chilTeli lo that the 
point of the nail being applied to thist determines the proper 
place for the edge the chiflel* The fize of the mould 
withinfide* and Uie dimenfions to which the point of the 
nail is reduced by hammerings caufes the cut end to projed 
above the furface of the mould more or lefs ; (b that the 
head will be thicker or thinner, and have its quantity of 
metal regulateds by the degree of taper given to the point ; 
therefore, the art of the workman is cmplayed in ftriking 
with a due force, fo that every nail (hall be made of the 
fame fize, by a certain number of blows. In this manner the 
great number of all nails are made ; but the great expence 
of labour has induced nuiny manufadurers to turn their at- 
tention to inventions which would diminUh the labour, fo as 
to enable them to bring their nails to the market at reduced 
prices, or of a better quality. Many patents have been 
taken out for thefe inventions, fome of which we (hall briefly 
notice. 

Mr. W. Finch of Wimboomc, in Staifordlhire, obtained 
a patent in 1790, for manufaduring nails by machinery. 
He propofed, by means of a water or fleam-mill giving mo- 
tion to a main (haft or axis, to aduate a number of fmall 
hammers, to work either in a tilt or lift manner. By thefe 
hammers the nails were to be forged ; but the operation was 
to be divided among three people for headed nails : thus, 
one to attend the fire, and carry the rods, as fail as they 
were properly heated, to the fecond perfon, (lationed before 
the hammer, who would make the nails in the mod expedi- 
tious manner, by only turning the rod about under the ham- 
mer ; when cut off, they were taken by the third perfon, 
who finifhed the heads in a tool as above defcribed, but by 
means of a hammer worked by machinery, inftead of bard 
labour. By thefe contrivances, in confequence of the more 
fpeedy motion of the machine hammers, feveral nails were to 
be made at once heating of the rod ; whereas by the old 
method, only one, or two at moil, could be made; thus 
making a great faviiig of labour : and as the operation re- 
auired no firength, children might eafily make the larged 
(pikes ; the motion of the hammer being fo regular, Uiat 
they could eafily acquire a dexterity in turning the rods 
properly to receive the blows. 

In the year 1790, Mr. Thomas Clifford, of the city of 
Bridol, obtained two patents for the manufadure of nails 
of every kind. The principle on which Us fird invention 
was founded, was that of making the nails in a die, that is, 
by having a die, or the impreffion of the nails to be cut, 
formed in one or more pieces of decl ; and Use iron, of which 
the nails are to be formed, is drawn or rolled into the proper 
form or thicknefs, and, by a force adapted to the purpofe, 
preffed into a cavity or die, fo as to form the nails either 
complete, or fo nearly complete, as that they can be finifhed 
with very little labour. This operation may be done in 
feveral ways, but the one particularly recommended by Mr. 
Clifford is by rollers ©f iron or dccl, and worked cither by 
water, deam, wind, horfes, &c. 

The two rollers arc to be made of iron, and cafed with 
ft,eel, each of the (ame diameter, which is proportioned to 
the length and fize of the nail intended to be made. Each 
roller mould have a cog-wheel on it, the cogs of one roller 
to work into thofe of tne other, fo that both the rollers may 
perform the fame exaft revolution* One half the imprefs 
of the ntU is tp be cut in the furface of one roller, the other 
half in the other, fo that the two impreffions form a cavity 
or die of the exaft form of a nail, extending the length- 
ways of the oail on the circumference of the rollers ; and m 
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many impreffions of the fame kind may be cut in the rollers^ 
one at the end of the other, as will complete their circum- 
ferrace, and continue the cavity all round the rollers; the 
point of one nail joining the head of the next, or the taro 
points and two heads joining each ether. The rollers mnft» 
in this as in other cafes, be made to work very true and clofe 
to each other. 

The mode of operation is this : a rod of iron, previouflr 
rotted or drawn to a convenient fize, is to be heated, andp 
whttc hot, the end of it is put between the rotters into the 
cavity or die which forms the impreffion of the nail. The 
rollers, being now put in motion, will draw the iron through, 
and preffing it into the cavities or dies, forms the iron into 
nails, one joined to the other, which mufl afterwards be fe^ 
parated, by means of inllruments a£ling as nippers, (hears^ 
chiffels, &c. The rollers, being made to work venr clofe to 
each other where the edge of the nail is formed, will prevent 
much of the metal from being preffed out on each fide of the 
nail, and what is preffed out may be cut off by inftrumenta 
adapt^ to the purpofe. Several pairs of rollers may be 
made to work toother, and each pair may have feveral rows 
of dies cut on them, fo as to form the impreffion for feverd 
firings of nails ; and a rod of iron being put into each of 
them, will roll out as many firings ,of nans with one revo- 
lution of the rollers. A pair of rollers may alfo have the 
greater part of their furface cut with dies, and a flat bed 
madetopafs between ^Ke rotters foas to form (heet nails; 
all of them connefled to one aaother by thin plates of the 
iron of which they are compofed ; and this would require 
each nail to be cut out, or feparated from the (heet by proper 
iuftrumeots. 

Mr. Clifford’s fecond invention confifts, ifi, in drawing 
the iron or other metal into a tapering or we^e-like form, 
according to the length and thicknefs of the different fizes of 
nails to be made. zdly. The nails are to be cut out of thofe 
wedge-like or tapering plates by means of a punch, the 
face of which is made according to the fize, taper, and form 
of the nail to be cut out ; as alio having a hollow bolfter, the 
hollow or aperture of which mull alfo be made of the fize 
and form of a nail, and confequently to fit and receive the 
punch above-mentioned. The punch, thus fitted to the bed, 
aud Aiding in a proper frame to keep it fieady, will, by a 
blow, or by preffure, cut or force part of the taper plate into 
and through the aperture of the bed fitting to it, and by 
which the nail is formed. This operation is by the manu- 
fadurers of buckles, buttons, &c. called cutting out. jdly.To 
form the heads of horfe nails catted rofc heaos, and others of 
nearly a fimilar kind : after the operations of drawing and 
cutting out, the nail is to be put into a heading tool, alfo 
called a bed, which bed receives the nail, excepting a fmall 
portion at the thick end, out of which the head is formed by 
a punch or die. This die, by blow or preffure, forms the 
head as required, and when the nails are made of hard iron, 
after they are cut in the way defcribed, the thick end is made 
hot before they are put into the bed, or heading tool. 
4thly. Another inethod adopted in the manufadure of nails Is, 

Dy cutting them out of or from plates of equal thicknefs, 
and afterwards to point them eitW by hammer or other 
preffure. ythly. In making nails that are of a triangular form, 
the plate or ftnp of iron is preffedor damped into a die, having 
impreffions cut to the form of fuch nails, after which they 
are cut out by a punch. 

About 15 years ago, a very extenfive trade was eftabliihed 
in Birmingham and Sheffield of cut brads : that kind of nails 
called brads having no head, or at lead only a (nail proje^- 
ing leaf on pne fide, was eafily cut out by machinery, with* 
cot the trouble of forging, but latterly the method has been 
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improtedy fo far ai to produce all kinds of fmall nails. The 
iron is rolled out to large thin (heets^ of the proper thicknefs 
to form a nail ; this is cut up by ftrong (hears into parallel 
flipa or ribbandsi the width of them being equal to the length 
of^e intended nailt, which are cut off» one at a time* from the 
end of the flip : the cutting line ia not exadly perpendicular 
to the length of the piece* but rather inclined* fo as to make 
the nail* which is cut off (haip at one end ; the next time the 
cutting line is inclined the other way* fo that the head of one 
nail is cut from the fame edge of the flip as the point of the 
next, and fo on alternately. The cutting ia performed by the 
Ffyfrefi (fee that article)* proper dies or cutters being ap- 
plied in it : the lower or nxed die confifts of a cutter or bar 
bf fteel fet up edgeways* and one of the angles of its upper 
fide is ground to a (harp ftraight edge. The Aider of^ the 
prefs carrica a die, confifting of a fquare bar of fteel moving 
perpendicularly by the a£lion of the ferew, and when it is 
forced down* one of its flat Tides applies exaAly again ft the 
ftraight edge of the fixed cutter above-mentioned ; out when 
the moving cutter ia raifed up to the higheft, a part is ob- 
ferved# where its flat fide is cut away* in fuch a manner as to 
leave a confiderable fpace between its face and the edge of the 
fixed cutter at one end of the edge* but touching it at the 
other. By this means, when the end of a flijp of iron is prefTed 
againft the face of the moving cutter in its reduced part, 
a (hort piece of the end of the flip will projeft over the edge 
of the fixed cutter, and the moving cutter being forced down 
by the ferew of the prefs, the (houlder of the part which is 
cut away comes down upon the end of the flip* cutting it 
off to the line of the edge of the fixed cutter, and therctore 
removing a fmall piece irem the end, which being of a proper 
breadth at one end, and regularly tapered away to nothing 
at the other, makes a very good brad. The circumftance of 
its being parallel in the other direction* is the great recom>- 
mendation to this kind of n^l, becaufe it will drive without 
firft making any hole in the wood and does not fplit : the point 
of a nail of this kind is like the edge of a chiflel* and the 
length of this edge being fet acrofs the grain of the wood* 
when driven down ic cuts through* and mvides all the fibres 
of the wood it meets with* and by turning the divided ends 
of them down* as it is driven deeper* their elafticity binds the 
nail forcibly l^tween them, fo that this nail will hold in the 
wood fafter than any other kind, but being parallel in the 
other diredion* does not tend to open or fplit the wood in the 
diredion of the grain. 

In cutting brads by this method, the workman or woman 
is feated before the prefs* which is the fame as is (hewn in 
1. P/tf/r XXVII . Michamesn holding the handle* of its 
(ly in the right hand* and the (lip of iron in the left : by 
pufhing the handle back* the moving cutter is raifed up* and 
the end of the flip is preffed up to the cutter : then by draw- 
ing forwards the hanale* the cutter is preffed down, carry- 
ing with it a nail* as before mentioned : the handle is then 
pu(hed back to cut another, but the flip of iron or bar mull 
firft be turned over* to bring the other fide upwards : by 
this means* the bar will at the fecond time be cut with an 
inclination in an oppofite diredion to what it was the firft 
time, fo that the head of one nail will come from the (aroe 
fide of the bar as the point of the laft, and this alternately 
of the whole. A woman will, by this method, cut fmall 
nails at the rate of 40 or 50/er minute, and if they arc in- 
tended for brads, they have a fmall leaf left at one fide of 
the head in cutting* by a panictilar (hape of the dies. 

For nails which require heading* the pieces or nails, cut as 
before mention^, are taken to another woman, who fixes 
them one at a time in a vice, over which a heavy hammer is 
plaoedi being fitted on an axis, that it may rife and fall with 
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precifion upon the head of the nail in the vice ; its weight 
18 fufpended bv a wooden fpring pole, and the woman, whra 
(he has fixed the nail, raifes the head of the hammer a little, 
and then brings it (harply down on the nail, fo as to h^ it 
at one blow. The (hape of the head is determined by an 
indention made in the face of the hammer, and its thicknefe 
depends upon the quantity which is left fticking out above 
the chj^s of the vice. 

Meflrs. Wilmore and Tonk obtained a patent, in 1808, 
for a method of cutting nails, which they have thus de* 
feribed. 

They take a nail rod, of a fize fuitable to that of the 
nail intended to be manufa6lured, and applying it to a com* 
mon ferew-prefs, mounted with proper cutters, cut off from 
the end of the rod two pieces at once, obliquely acrofs the 
rod in one place, and direflly acrofs it in another. Two 
ftuds or tops are let up, which are attached to the prefs, and 
are moveable in the diredion of the rod* for the purpofe of 
afeertaining the length of the nail ; and both ftuds are ad- 
iuftable in the crols diredion of the rod, fo that the ob- 
liquity of the cut* according to the kind of nail to be made, 
is thereby determined, as well as the length of the nail. This 
is called the firft operation. 

The fecond operation is to anneal the pieces fo cut off, if 
the iron (hould not be fufficiently malleable* which is done in 
the ufual and well-known manner. The third operation is 
that of heading* which* for clafp head nails, confifts of two 
parts* one for gatheriifg* and the other for forming the head 
of the nail. The firft part of this operation is performed 
by putting a piece* cut off the rod of iron as before deferibed, 
into a pair of clams* leaving as much of the thick end pro- 
ving above the clams as is fufficient to form the head. 
Thefe clams have fteel bits let into them with (harp edg^s, 
which prefs only againft the two oppofite fides of the piece, 
and which have the effed of two chmels, when the punch of 
the prefs is brought down upon the piece with confiderable 
force, and raife or gather up iron towards forming the head. 
The fecond part of this operation is to put the nail, thus pre- 
pared* into another pair of clams, having bits to correfpond 
to the under fide of the head ; and the punch, having the 
•impreifion of the upper fide of the head engraved or funk 
into it* is brought to prefs ftsongly upon Uie head in the 
clams* and thereby the clafp head is properly formed. 

For nails intended to have rofe heads, or any other kind 
of heads, except clafp heads, the firft part of this heading 
operation is not abfolutely neceffary, but the bits which for 
clafp nails muft have (harp edges, muft for the other nails 
have blunt edges, to prevent the under-cutting. For the 
fecond part of this operation, the piece is put either into a 
pair of clams, or into the tool commonly called a bore, and 
then preffed with punches properly engraved, or funk, ac^ 
cording to the kind of head wanted. the firft of ill thefe 
operations, the piece cut off the rod of iron is formed fome^ 
thing like a mortife chilTel. The fourth operation is to point 
it, which is done by putting the piece into a bed of fteel, 
in which is cut a nick or groove having parallel Tides, but 
the bottom rifing towards the end, where the nail is te be 
formed ; the end of ^le punch, which preffet upon the point 
of the nail, is made to projedl more tnan the other part, fo 
as to meet the correfj^nmng part of tl^ bed, when the 
punch is brought upon the nau. The groove or nick in 
the bed fliould^ juft wide enough to receive the eafily, 
but prevent it from twilling when the impre&n is ma^. 
The nail is put twice into the nick, once vrithin the c^hiffel, 
from the end lying horizontal, and next turning n quarter 
round to prefs the chiflel edge into a pointed form. If the 
nails, by the ftrong preffure which is neceflhrj in this operik 
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lion, Ihould become too hard to clench, they are to be an- 
nealed ill the ufual way, which may be called the fifth opera- 
tion. The third, fourth, and fifth operations, above de- 
fcribed, are applied to nails, or pieces cut off from fliect or 
rolled iron in the ordinary way ; but an, in confequence of the 
fifth operation, which is neceffary to give them the quality 
of clenching, they are apt to be too foft to drive well, a 
fixth operation is applied, viz. quenching them in water 
when red-hot, which gives them ftiffnefs enough to drive 
without rendering, them too brittle to clench. 

The Americans appear to have carried the invention of 
cutting nails by machinery to a greater perfedtiou than 
has been done in this country. From fornc letters, pnb- 
li(hed in l8lo, by the American fecretary to the treafury, 
in his report on the mauufadures of that country, it ap- 
pwrs that they liave invented machines ivliich perform the 
cutting and heading at one opera- itm, and widi fuch a ra- 
pidity, that one machine will furiuOi up.vards of one hun- 
dred nails ^er minute : he fays, the irjporiance of nail 
machinery in Maflachufetts, and of all that relates to roll- 
ing and (litting-mills, with which nail nnchinery is imme- 
diately connefted, requires that a particular account (hould 
be given of them. In old countries nails are forged, here 
they are cut, and it is curious to trace the progrefs of Ame- 
rican genius through the various Heps of this invention. 
Twenty years ago fome men, now unknown, and then in ob- 
feurity, began by cutting dices out of old hoops, and by a 
common vice, griping thefc pieces, headed them with fe- 
deral ftrokes of the hammer : by progreflive improvements 
(litting-mills were built, and the (hears and the heading 
tools were perfedted, yet much labour and ex pence were re- 

S iifitc to make nails. In a little time, Jacob Perkins, Jona- 
an Ellis, and a few others, put into execution the th ught 
of cutting and of heading nails by water, but being more 
intent upon their machinery than upon their pecuniary af- 
fairs, they were unable to profecute the bufincf''. At dif- 
ferent times other men have fpent frrtunes in improvements, 
and it may be faid with truth, that more than a million of 
dollars have been expended ; but at length thefe joint eForts 
are crowned with complete fuccefs, and we are now able to 
manufacture at about one-third of the cxpcnce that wrought 
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nails can be manufactured for, and nails which are iiipcnor 
to them ; for at lead three-fourths of the purpofes to which 
naili are applied, and for moft of thofe purpofes, they are 
full'aa good. The machines made ufeof by Odiorne, thofe 
lately invented by Jonathan Ellis, and a few others, prefent 
very fine fpecimens of American genius. 

“ To northern carpenters it is well known, that in almoft 
all inftances it is unnecclTary t« bore a hole before driving a 
cut nail ; all that is requifite is, to place the cutting edge of 
the nail acrofs the grain of the wood ; it is alfo true, that 
cut nails will hold better in the wood. Thefc qualities are, 
in fome rough building works, worth twenty percent, of the 
value of the article, which is equal to the whole cxpence of 
manufacturing. For (heathing and drawing, cut nails are 
full as good as wrought nails ; only in one refped are the 
beft wrought nails a little fuperior to cut nSils, and that is 
where it is necelTary they (hould be clenched. The manu- 
faCt'are of cut nails was born in our country, and has, with- 
in its boifom, advanced through all tfie various flages of 
infancy to manhood ; and, no doubt, wc (hall foon be able, 
by repeiving proper encouragement, to render them fuperior 
to wrought nuils in every particular. 

The principal bufinels of rolling and (litting-mills is, 
rolling nail plates ; they alfo ferve to make nail rods, hoops’ 
tires, (heet iron, and (heet copper : in this Stale we have not 
kfs than twelve,, 

« Thefe mills could roll and flit 7000 tons of iron a-year : 
they now, it is prefumed, roll and flit each year about 350a 
tons, 2400 tons of which, probably, arc cut up into nails 
and brads, of fuch a quality, that they are good fubftitutes 
for hammered nails, and, in fad, have the preftrence with 
moft people for the following reafons, viz. on account of 
the (harp corner and true taper with which cut nails are 
formed ; they may be driven into harder wood, without bend- 
ing or breaking, or hazard of fplitting the wood, by which 
the labour of boring is faved, the nail, one way, being of 
the fame breadth or thicknefs from head to point.” We 
a’c informed that J. C. Dyer, efq. who has had the American 
mat Iiincry communicated to him, to be introduced into this 
country, has lately taken out patenls m Great Britain, with 
a view of eftablifliing the trade in this country. 
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NEALING, or Annealing, in the arts, conlifts in 
making metals red-hot, which have become hard and brittle 
by working, in order to reftorc their former malleability 
and traceability. All metals have the property of becoming 
more or lefs hard and unmalleable, after undergoing the 
operation of the hammer. Metals thus affeCled are more 
elallic than they were before, but, at the fame time, they 
become more brittle. They are the more fen fib) y affefted 
in this manner in proportion as the metals are naturally 
harder. Copper is fo much affeCled, and even gold and 
filver, by hammering and compreflion, that they foon ceafe 
to be malleable, and in (lead of being extended under the 
hammer they crack and fplit. Hence the ncceffity of an- 
nealing the common coins of the country, to which we have 
referred under the article Mint. In all cafes the labour of 
hammering, when it is to be long continued, muft occafion- 
ally be interrupted to foften and redore malleability to me- 
tals ; this is effeAed by making them red-hot, and fuffering 
them to cool gradually. Thus heat produces the fame 
efieCl on metals, in the date deferibed, as it does upon 
tempered deel, for, if the harded tempered fteel be made 
red-hot and cooled flowly, it becomes as tradable and duc- 
tile as the fofted iron. Articles of glafs are alfo nealed be- 
fore they are fit for ufe, by placing them in a furnace, and 
after they have been raifed to a due degree of temperature, 
they are fuffered to cool gradually. Without this operation 
glafs veflels would be entirely ufelefs, as they would not 
admit of the lead change of temperature ftom cold to heat, 
nor would they bear the flighted blow. See Glass. 

Nealing of Glafs is the baking of glafs, to dry, harden, 
and give it the due confidence, auer it has been blown, and 
fafhioned into the proper works. 


This is ufually performed in a kind of tower, called the 
/err, built Over the melting furnace. Sec Glass. 

Nealing tf Glafs is allb uled for the art of itaming' ot 
glafs with metalline colours. 

One fine ufe of filver, fays Mr. Boyle, was only dif- 
covered fince the art of annealing upon glafs came to be 
pradlifed. For prepared filver, or even the crude metal, 
being burnt on a glafs plate, will tinge it of a fine yellow, 
or golden colour. And there are Several mineral earths, 
and other coarfe matters, of ufe in this art, which by means 
of fire impart tranfparent colours to glafs, and fometimes 
very different ones from thofe of the bodies themfelves* 

Nealing of Stsel, is the heating it in the fire to a blood- 
red heat ; and then taking it out, and letting it cool gently 
©C itfelf. 

This is done to make it fofter, in order to engrave or 

punch upon it. See Tempering, and Enoraviko* Set 
alfo Steel. 

Nealing is alfo ufed for the art or a£tof burning or 
baking earthen or other ware in an oven. 

The miners at Mendip, when they meet with a rock they 
cannot cut through, anneal it, by laying on wood and coal, 
and contrivin]^ the fire fo that they quit the mine before the 
operation begins, it being dangerous to enter it again before 
it be quite cleared of the fmoke. Phil. TranL 39. 
p. 769. 

Nealing of Tile is ufed in ancient flatutes for the barn • 
ing of tile. 

The word is formed of the Saxon onseloMf accenderet to 
hum* 



Needle 


NEEDLE, a vtry common little inftrument, or utenfil, 
made of Heel, pointed at one end, and pierced at the other ; 
afed in fewing, embroidery, tapcltry-work, &c. 

Needles make a very confiderable article in commerce ; 
and the confumption of them is almoft incredible. Thefizes 
are from i, the largeft, to N' 2^, the fmalleft. There 
is fcarcely any commodity cheaper than needles ; which will 
appear fomething extraordinary to the reader, after he has 
been (liewn the great number of operations they undergo, 
bch^re they are brought to perfection. 

Needles, Manufacture of German and Hungarian ftecl 
is of moft repute for needles. The firft thing is to pafs 
it through a coal fire, and under a hammer, and to bring it 
out of its fquare into a cylindrical one : this done, it 

is drawn through a large hole of a wire-drawing iron, re- 
turned into the fire, and drawn through a fecond hole of the 
iron, fmaller than the firft ; and thus fuccellively from hole 
to hole, till it has acquired the degree of finenefs required 
for that fpccies of needles ; obferving everv time it is to be 
drawn, that it be greafed over with lard to render it the 
more manageable. The fteel, thus reduced into a fine wire, 
is cut in pieces of the length of the needles intended. 
Thefe pieces are flattened at one end, on the anvil, in order 
to form the head and eye: they are then put into the fire, 
to foften them farther ; and thence taken out and pierced at 
each extreme of the flat part, on the anvil, b» the force of 
a puncheon of well tempered fteel, and laid on a leaden 
block, to bring out, with another puncheon, the little piece 
of fteel remaining in the eye. 

Tlie corners are then filed off the fquare of the heads, 
and a little caviiy filed on each fide the flat of the head. 
This done, the point is formed with a file ; and the whole 
filed over. 

They are then laid to heat red-hot, on a long, flat, nar- 
row iron, crooked at one end, in a charcoal fire ; and, when 


t^aken out thercc, arc thrown into a bafon of cold water to 
harden. On this operation a good deal depends; too much 
heat burns them, and too little leaves them fott ; the medium 
IS onlv to be learnt by experience. 

When they arc thus hardened, they arc laid in an iron 
(hovel, on a fire, more or lefs brifle, in proportion to the 
thicknefs of the needles ; taking care to move them from 
time to lime. This ferves to temper them, and take off 
their bririlencfs ; great care, here too, mult be taken of the 
degree of heat, 'rhey are then ftraightened, one after another, 
with* the hammer; the coldnefs of thew'atcr, ufed in harden- 
ing them, having twilled the greateft part rf them. 

The next procefs is the ^oli filing. To do this, they take 
twelve or fifteen thoufancl needles, and range them in little 
litap.i again ft each other, on a piece of new buckram, 
fprinklcd wdth emery dull. The needles, thus difpofed, 
crrery-cluft ii throwm over them, which is again fprinkled 
with oil of olives : at Jaft, the whole is made up into a roll, 
well bound lit both ends. 

The nJl is then laid on a poliHiIng-tahle, p,,nd over it a 
thick plank, loaded wMih flu.ies, which two men work back- 
wards and forwards, a day and an half, or two days fuc- 
ccflively ; by which means the roll, thus continually agi- 
tated by the weight and motion of the plank over it, the 
needles withinfide, being nibbed againft each other with 
oil and emery, are infciilibly poiiflied. 

In Germany, inftead of hands, they polifli with water- 
mills 

After polilhing, they ar(5 taken out, and the filth wafhed 
oft them with hot water and foap : they are then wiped in 
hot bran, a little moiitcncd, placed with the needles in a 
round box, fufpended in the air by a cord, which is kept 
ftirring till the bran and needles be dry. 

The needles, thus wiped in two or three different brans, 
are taken out, and put in wooden veffels, to have the good 
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fcparated from thofe whofe points or eyes have been broken, 
either in poliihing or wiping : the points are then all turned 
the fame way, and fmoothed with an cmery-ftone, turned 
with a wheel. 

This operation finiflies them ; and there remains nothing 
but to make them into packets of two hundred and fifty 
each. 

Nkedi.es, Surgeons\ arc generally made crooked, and their 
points triangular ; however, they are of different forms and 
fizes, and bear different names, according to the purpofes 
they are ufed for. 

The largoft are needles for amputation ; the next, needles 
for wounrli ; the finelt, needles for futures. They have others, 
\ery fhort and flat, for tendons ; others, ftill fhorter, and 
the eye placed in the middle, for tying together of veffels, 
8cc. Ne('l)^ s for couching catarafts are of various kinds ; 
all of which have a fmall, broad, and fharp point or tongue: 
and forne with the fulcus at the point. Surgeons have 
foiUet lines ufed two needles in this operation, one with a 
jharp point for perforating the coats of the eye, and another 
with a more obtiife point For dcprelTing or couching the 
opaque cryflallinc lens ; but care fliould be taken in the ufe 
of any of thefe, that they be firll well polifhed, with cloth 
or leather, before they are applied to the eye. See Cata- 
ract and CoucHiNt; 

Mr. Warner obferves, that the blade of the couching 
needle fhould be at leall a third part larger than thofe gene- 
rally ufed upon this occafion, as great advantage will be 
found m the dcnrefling of the cataratf, by tlic increiifed 
breadth of the blade of that iiiftrument. The handle, alfo, 
if made fomevvhat Ihorter than vifual, will enable the operator 
to perform w'itli greater fleadinefs than he can do with a 
larger handled inllrument. 

It is to be obferved, that needles of filver pierce more 
cafily ill flitching arteries after an amputation, than thofe 
made of fteel. Monro, in Med. Kfl'. Edin. vol. v. art. 41. 

Nkkdle, Magneticalt in Navigation^ denotes a needle 
touched with a loadftoue, or fuflained on a pivot or centre, 
on which, playing at liberty, it direfts itfelf to certain points 
in or under the horizon. See M/\gnkt. 

Magnetical needles arc of two kinds ; wa. horizontal and 
ineJinatory. 

Nekdlks, Horizontaly are thofe equally balanced on each 
fide the pivot vvh’ch fiillains them : and w hich, playing hori- 
zontally with their tw.) extremes, point out thr north and 
foiith points of the horizon. For their application and ufe, 
fee CoMl*A 5 )S. 

Nkkdi.e, CotflrucHon of an HorizoniaL A piece of pure 
(Icel is procured, of a length not exceeding fix inches, left 
its wTii^ht impede its volubility ; very thin, to take its ver- 
ticity the better ; and not pierced with any holes, or the 
like, for ornament fake, which prevent the equable diffiifion 
of the magnetic virtue. 

A perforation is then made in the middle of its lenglli, 
and a brafs cap or head foldered on, whofe inner cavity is 
conical, fo as to play freely on the ftyle or pivot, headed 
with a fine fteel point. 

The north point of the needle, in our hemifphere, is 
made a little lighter than the foulhern, the touch alw'ays de- 
ft roying the balance, if well adjufted before ; and rendering 
the north end heavier than the Vouth, and thus occafioning 
the needle to dip. 

Now to give the needle its verticity, or direiStive faculty, 
it 18 to be rubbed leifiirely on each pole of a magnet, from 
the fouth pole towards the north ; firft beginning with the 
northern end, and going back at each repeated rub toward 
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the fouth. A rub in a contrary dire6tion takes away the 
power communicated by the former. 

Compafs needles may acquire the magnetic virtue by 
means of magnetic bare in the following manner : lay two 
needles of equal length, about an inch afunder, with the 
north end of one, and the fouth end of thc^other pointing 
tlie fame way, and applying two condudors in contaA with 
their ends ; then, with two magnetic hard bars, one in each 
hand, and held as nearly honzontal as can be, with the 
upper ends, of contrary names, turned outwards to the 
right and left, let a needle be ftroked or nibbed from the 
middle to both ends at the fame time, for ten or twelve 
times, a north end of a bar going over the fouth end of the 
needle, and the fouth end of a bar going over the north end 
of a needle : then, without moving from the place, change 
hnnds with the bars, or, in the fame hands, turn tne other 
ends downwards, and ftroke the other need’e in like manner, 
and they will both he magnetical : but to make them ftill 
ftronger, repeat the operation three or four times from 
needle to needle ; and at laft turn the lower fide of each 
needle upwards, and repeat the operations of rubbing them, 
as on the other fides. 

In the rubbings or touchings to procure magnetifm, the 
hand Hiould not return diredlly back the way it came, but 
fhould return in a kind of oval figure, carrying the hand 
about fix or eight inches beyond tlie point, where the touch 
ended ; but not beyond, on the fide where the touch begins* 

If, after touching, the needle be out of its equilibrium, 
fomething mull be filed off from the heavier fide, till it ba- 
lance evenly. See Magnet. 

The needles that were formerly applied to compaffes, on 
br'ard our merchant fltips, were formed of two pieces of 
fteel wire ; each of which was bent in the middle, fo as to 
make an obtufe angle ; and their ends being applied toge- 
ther made an acute one ; fo that the whole reprcfeiits the 
form of a lozenge. Dr. Knight, to whom we are indebted 
for the improvement of the compafs, found, by repeated 
experiments, that thefe needles not only varied from the true 
dirc^Iion, but from one another, and from themfelveK ; and 
he has fhcwu that thefe irregularftics were owing to their 
ftro6tiire ; for the wires of which the needle was compofed 
were hardened only at their ends ; now if thofe ends are not 
equally bard, or if one end be hardened high^e'- up than the 
other, when they come to be put together, i.i fixing them 
to the card, that end which is hardeft will dellroy much of 
the virtue of the other ; by which means the hardelt end 
will have the greateft power in direftiug the card, and con- 
fcquenlly make it vary towards its own diredion : and as 
the wires are difpofed in the form of a lozenge, thefe cards 
can have but little force ; fo that they will often, when 
drawn afide, ftand at the diftance of levcral degrees on 
either fide the point from whence they are drawn ; for all 
magnetical bodies receive an additional Itrength by being 
placed in the dire6Iion of the earth's magnetifin, and a£t 
proportionably with lefs vigour when turned out of it. 
Therefore, when needles of this kind are drawn afide fijoin 
their true point, two of the parallel fides of the lozenge 
will confpire more diredlly than before with the earth's mag- 
netifm, and the other two lefs in that direction : by this 
means the two former fides will very much impede its return, 
and the two latter will have that impediment to overcome, 
as well as the fn£tion, by their own force alone. 

The needles formerly ufed on board the men of war, and 
fome of the larger trading fhips, were made of one piece of 
fteel, ^ of a fpring temper, and broad towards the ends, but 
tapering towards the middle. Every needle of this form is 
found to have fix poles in dead of two ; one at each end. 
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two where it becomes tapering, and two at the hole in the 
middle. This inconvenience is owing to their ftiape $ for 
the middle part, being very flender, has not fubttance enough 
to condud the magnetic ftream quite through from one end 
to the other. In order to avoid thefc inconveniences and 
errors, the needlei contrived by Dr. Knight for his com- 
pafsy is quite (Iraight and fquare at the ends, and confe- 

? iucntly has only two poles, although the curves are a little con- 
ufed about the hole m the middle. Needles of this coniiruc- 
tion, after vibrating a long time, will always point exadly in 
the fame diredion ; and if drawn ever fo little on one fide, will 
return to it again, without any fenfihle difference. Hence 
Dr. Knight concludes, that a regular parallelopiped is the 
belt fhape for a needle, as well as the fimplelt ; with the 
boles for the caps as fmall as can be well contrived ; or if it 
can be made to anfwer the purpofe, without any hole at all, 
it will be ftill more perfed. — There is a peculiar advantage 
attending Dr. Knight’s needles ; for as they are tempered 
much higher than ufual, they are able to contain a much 
greater quantity of the magnetic force. See Compass. 

Mr. Michell fuggefts, that it would not be amifs to cover 
the needles made ule of in the fea-fervice, with a very thin 
coat of linfeed oil, or fome kind of varnifh, that may keep 
them from rutting, which is generally reckoned to injure ail 
magnetical bodies that are liable to it. Needles may be 
touched through fuch a coat, by applying a great number 
of bars, if not according to the common method of making 
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magnets. He alfo apprehends, that coated needles may 
retain a greater degree of magnetifm, than they otherwife 
would do. 

Mr. Michell alfo propofes to increafe the weight and 
length of mariners’ neeales; and he obferves, that long 
needles, properly hung, travcriing to a greater degree of 
exadnefs than the fhort ones, may be of confiderame fer- 
vice on many occafions : particularly in mines for difeover- 
ing the bearing of one place from another, that they may be 
able to fink a fhaft from above, over any place at plealurc. 

In many forts of mines, efpeciallv thofe of coal, there are 
often fmall quantities of magnetical iron ore, which draw the 
needle out of its proper diredion ; now the long needles are 
lefs liable to be difturbed by any fmall things, uready mag- 
netical, than (hotter ones. Michell on Magnets, p. 42, 
&c. 

A needle, on occafion, may be prepared without touch- 
ing it on a load-ftone ; for a nne ttecl needle, gently laid on 
the water, or delicately fufpended in the air, will dired it- 
felf to the north and (outh. 

Thus alfo a needle, heated in the fire, and cooled again in 
the diredion of the meridian, or even only in an ered fitua* 
tion, acquires the fame faculty. 

The needle is not found to point precifely to the north) 
except in very few places ; but deviates from it, more or left, 
m different places, and that too at different timet|invtucb 
deviaiUonis called decltnation^ 
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NEW RIVER, a moft important artificial canal, or ftream 
of water, palfing through parts of the counties of Hertford 
and Middlefex, England, was contrived and principally exe- 
cuted by an individual, fir Hugh Middleton, in order to 
fupply the Britifti metropolis and its environs with frelh 
water. That of the Thames, though extremely beneficial to 
London, was fo liable to alteration, and fubjed to foulnefs, 
that a copious fupply of pure water was extremely defirable. 
Befides, the Thames water mull be forced to afeend by 
machines, even for the lower parts of the city: whereas, 
a ftream on the northern fide of London may be made to 
ftow, in a natural defeent, to almoft any quarter of the 
widely extended metropolis. From thefe confiderations, in 
the reign of James L, Hugh Middleton, citizen and gold- 
fmith, projeded the plan of bringing water out of Hert- 
tordfhire, in a channel to London. Meeting with no co- 
operation, he, at length, in the year 1608, commenced the 
undertaking at his own expence ; and, after cxhaulling aR 
his refources, and being refufed aid from the corporation of 
London, he was enabled, by the afliltance of the king, to 
bring it to completion. On September 29, i6ij, the 
water was let into the New River Head, at Iflingtoo ; but 
the projetlor was ruined by the expcnces, and it was long 
before the fcheme was rendered ufeful and beneficial to the 
public. The New River is formed by the collefted waters 
of feveral fprings, which rife at Chadwell, near Ware, Hert- 
fordlhire, about 20 miles north- well from London. Thefe 
fprings are colledcd into a large, open bafin of cotifiderable 
depth, near which a (tone is placed, with inferiptions, im- 
plying that the ftream was opened in 1608, and that from 
the Chadwell fpring the river flows 40 miles. The original 
fupply of water having been found inadequate to the con- 
fumptioHi the mill-ftream of the river Lea, which runs near 
it, was reforted to ; and after various difpiites and litiga- 
tions between its proprietors and thofe of the New River, 
the mill has at length become the property of the latter com- 
pany, who have now an unreftrifted ufe of the water ; fo 
that the river Lea may be confidered as one of the fources. 
On a fluice leading from it are flood-gates, with a building, 
in which a man is placed, whofe conftant employ is to railc 
or lower them, according to the fulnefs of the river below ; 
and that he may not err in the quantity fupplied, a gauge is 
fixed acrofs the fluice, confiding of a ftone of great bulk, 
under which all the water pafles ; fo that the current is re- 
gulated with the greateft exadnefs. To preferve a proper 


level, the New River takes fuch a winding courfe, that the 
length of the channel is nearly thirty-nine miles. Faffing 
Ware, Amwell, Hoddefdon, and Cheftiunt, it enters 
Middlefex near Waltham-Crofs ; bending towards Enfield* 
Chafe, it returns to the town of Enfield ; and at Bu(h-hiil 
was formerly carried acrofs a valley, in a wooden aquedud, 
or open trough, 660 feet in length, fupported by arches 5 
but the improvement in canal making has fuggefted a better 
mode to effedl the purpofe by means of a mound of earth, 
over which the river paffes in a new channel, which was com- 
pleted in the year 178c. Hence the river proceeds with de- 
vious bends to Hornley, between which village and High- 
bury it was formerly conveyed in another wooden aqueduft, 
now fuperfeded, like the other, by a bank of clay. Still 
winding, it reaches Stoke-Newington, and pafles on to the 
eaftfideof Iflington, where it has a fubterraneous channel, 
for 200 yards beneath the ftreet. Juft before this part is a 
building, whence feveral mains, or pipes, are fent to fupply 
the eaftern fide of London. After pafling under the road, 
the New River emerges and coafts the foulhern tide of Ifling- 
ton, till it reaches its termination at the grand refervoir, 
called the New River Head. The width of the river near 
Iflington IS fourteen feet and a half, the average depth 
four feet and a half, but the depth decreafes on afeend- 
ing towards its fource. The number of bridges which 
crofs the river in its whole courfe is about two hun- 
dred : in various places are fluices to let off the wafte water ; 
which, with other works, excited admiration in the earlier 
#|ige of this branch of mechanics, but are now overlooked in 
the wonders of canal navigation. Truly admirable are the 
contrivances for diftributing the water through the various 
parts of London. From a circular bafin, now thrice its 
original fize, which firft receives it, the water is conveyed 
by fluices into feveral large brick cifterns ; whence it pafles 
through large wooden pipes to the feveral diftrids, and is 
conveyed into the houfes by leaden pipes. At the New 
River Head is a building, containmg two fteam-enginesand a 
water-engine for forcing the water to a higher refervoir near 
PentonviTle, and to another near Tottenham-court road, for 
diftribution to the weftern parts of the town. Near the former 
refervoir, in a field, a confpicuous obje A appears, the ufe of 
which is little known. It is an iron pipe, twelve feet high, 
and four feet eight inches in circumference, with a wooden 
tub placed on its top. It ads in the double capacity of an 
air and wafte water-pipe, and is ufeful in preventing the burft- 
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itifif of the pipes, which was forrrerly very frequent fiom the 
force of water, or from compreffed air. A rew refervoir, 
communicating with that at Pcntonville, has been recently 
conftrufted by the fide of Tottenham-ccurt-road, for the 
fupply of Mary-le-bone and its vicinity : the mains from it 
are iron pipes of four feet eight inches circumference. 

The property of this great concern was originally divided 
into 7a (hares, of which 36 were veiled in fir Hugh Mid- 
dleton, who was obliged to part with them to various per- 
ions ; thefe are termed adventurers* (liares. I'he other 
thirty-fix were vefted in the crown for the money advanced 
by king James towards the undertaking. Thefe were 
alienated by Charles L, and arc* called king’s fliares ; but as 
the crown had no concern in tlie management, fo tlie holders 
of thefe (hares arc excluded from the direction. 'I'lie origi- 
nal value of the lhares was 100/. each, but fo difeouraging 
were the firft profpefts, that they fell to a very low price. 
At prefent they are worth an hundred times th.eir lirll value : 
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a rife in property fcarcely to be pdrallcllcd, and demonttra- 
tive oi the increafe of buildings in the capital. The ma- 
nagement of the company’s affairs is veiled, by charter, in 
twenty-nine holders of adventurers’ (hares, who form a 
board. The officers are, a governor, deputy-governor, a 
treafurer, and a clerk. Few public companies furpafs this 
m property and extent of concerns. The conftaiit repairs 
und improvements employ a vaft number of men and horfes ; 
and the whole fyftem cf the diftribution of the water is fo 
complicated, as to require the utmoll ll<ill and attention on 
the part of the ftirvcyor and other officers. 

The New River is a confidcrablc ornament to many feats 
and pleafure-grounds in its courfc ; though it has too much ca- 
naUike regularity to be truly pifturefque. It is likewife of 
great utihty in affording a fupply of water for cattle, and 
for various other purpofes.* Hunter’s Hillory of Lon- 
don and Us Environs, 410. 1808. Brayley’s Hillory of 
Middlefex and London, 8vo. 1810*13. 
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Newton, Sir Is^ac, the moft illullrious of philofophers 
and mathematicians that the world ever produced, and who, 
on account of hi« well-earned celebrity, has been denominated 
the “ Prince of Philofophcrs,’* was born <jn ChriflmaS'day 
1642, at Wooldhorpc, a hamlet in Lincolnfliire, about fix 
miles fouth of Grantham. His father cultivated his own 
paternal eftate, but is reprefented as being a very weak and 
unfteady man, who died three months before the birth of his 
only fon Ifaac, the fubjcA of the prefent artide. Mrs. 
Newton, though fhe married again, was particularly atten- 
tive to the education of her firft-born, and had him carefully 
tnilru6ied in the elements of learning. At the grammar- 
fchoul of Grantham he laid a folid foundation oi clafTical 


learning, and gave dccifive marks of his natural genius. 
Dr. Stukely, in fpeaking of him, fays, “ Every one that 
knew fir Ilaac, or have heard fpeak of him here, recount 
the pregnajicy of his parts when a boy, his ft range inven- 
tions, and extraordi.Tary inclination for mechanics, that, 
inftead of playing with other boys, when out of fchool, he 
always bulled himlVif in making knicknacks, and models of 
wood in m^ny kinds ; for which pnrpofe he had got little 
faws, hatchets, and hammers, and a whole fhop.’^ The 
moft trifling circumftances, relating to fo vaft a genius a$ 
fir Ifaac Newton exhibited, are delcrving of record : hence 
may be mentioned his very early attention lo natural objedla 
and inveftigation. He had, for inftance, when a very little 
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child, a rude method of meafuring the force of the wind, 
by obferving how much farther he could leap in the dire6tion 
ox a ftrong breeze, than he could when he jumped againft 
the wind. When he quitted the rrammar-fchool, he was 
taken home to be inilru6fed in rural affairs, in order that he 
might hereafter be capable of managing his own eftatc with 
advantage. It was, however, foon difeovered that he had 
higher obje6l8 in view than the mere cultivation of land, and 
attending to domeftic concerns ; he was perpetually found 
reading books, which were fuppofed to be beyond his ca- 
pacity. He had, previoufly to this, probably laid it down 
as a maxim, that what one man could write, that was in it- 
felf intelligible, another might, by a certain portion of ap- 
plication, come to underllaiid. Being once fent to Gran- 
tham market, he was difeovered by his uncle, in a hay-loft, 
working a mathematical problem ; which fatisfied this rela- 
tion that his deiire of knowledge was invincible, and that a 
regard ought to be paid to the turn of his mind : he, there- 
fore, without hefitation, was allowed to enter himfelf, in 
the year 1660, of Trinity-college, Cambridge. He was 
now 18 years of age, and entering upon his courfe with all 
the ardour of enthufiafm, much might be expeded from 
him; but, as we (hall fee, he outran all expedation, and 
iet at defiance the calculations of his mod fanguine friends. 
The adivity of his genius, and excellence of his talents, ac- 
quired for him the notice of the moft confiderable mathe- 
maticians in the univerfity, among whom was Mr. (after- 
wards Dr.) Barrow, at that time a fellow of Trinity-college. 
The fnendfhip thus begun between thefe two perfons, was 
continued till the hand of death feparated them. Newton 
began his lludies with the ** Elements of Euclid; ' but 
thefe did not detain him long. To him there w^as no “ Pons 
Alinorum,” no difficulty that impeded his progrefs a finglc 
moment ; he faw the truth of each propofition, it has been 
faid upon unqueflionablc authority, as foon as he had read 
the enunciation, and examined the figure to which it re- 
ferred. The beautiful and fublimc truths of common geo- 
metry did not, to Newton, lie deep in a well : they (eemed 
inftantly to faftfMi on his mind, and, as he thought, to urge 
him on to more difficult fteps in the progrefs of Icicnec. 
Afterwards, however, the ingenuoufnefs of nis mind led him 
to regret that he had not llopped longer at the gates of 
knowledge ; — that he had not relied a while the avenuef- 
to contemplate the beauties and exceilenoiet of the plans and 
outworks, before he had proceeded into the interior ; — that 
he had not examined with a more minute attention Euclid's 
method of demonllraiion, and the means by which he had 
contrived to conneft every part of his book, fo as to make 
a fyllem or feries of truths depending upon one another, 
and the whole refting on definitions and axioms ; though 
the axioms themfelves will, if clofely examined, be found to 
be only definitions : fo that the whole of Euclid^s Elements 
may be fafely faid to depend entirely on definitions, which 
proves how important it is for (Indents in geometry, not en- 
dowed wdth peculiar mathematical fagacity, to Itudy with 
the utmoft care the delinitions, and to proceed from one llcp 
to another with the greatett deliberation. Newton, as we 
have feen, did not (land in need of this precaution ; yet he 
regretted in after life, that he had committed a millake 
in the commencement of his mathematical lludies, in ap- 
plying himfelf to the works of Des Cartes, and other alge- 
braical writers, before he had confidered the Elements of 
Euclid with that attention which fo excellent a writer.de- 
ferves.** At this period the works of Dcs Cartes were 
much in fafhion, which of courfe led our author to lludy 
them, attending at the fame time to “ Kepler’s Optics,” 
and to the “ Arithmetica Infinitorum” of Dr. Wallis, 
making improvements and marginal notes upon them as he 


went along, which was his ufual method of ftudying iof 
author. The treatife of « Infinites,” jutt referred to, fet 
his invention to work; and was probably that which led him 
to his New Method of infinite Series and Fluxions,*’ and 
which was publilhed in Latin; but which, in 1736, was 
tranflated into Englifli by Mr. Colfon, and printed by him, 
with a perpetual Commentary upon the whole book. In 
the year 1664 he took hia degree of B.A., and about this 
period he turned his attention to the improvement of tele- 
fcopcs. Des Cartes affuming the commonly reoeived 
opinion, that light was homogeneous, had, upon this prin- 
ciple, difeovered the laws of refradion, and maintained' that 
the pcrfedlion of tclefcopcs depended on the difeovery of a 
method of making glalTes in elliptic, parabolic, or hyper- 
bolic figures. Newton, therefore, in the year 1666, ap- 
plied himfelf to the grinding of optical glalTes of divers 
figures ; at that time not fufpefting that light was other 
than an homogeneous fubllance. Not fucceeding in various 
attempts whicn he made, he procured a glafs prifm, for the 
purpofe of examining the phenomena of colours, which had 
lately been difeovered by Grimaldi. The vivid brightnefs 
of the colours produced by this experiment at firtl afforded 
him very great plcafurc ; but when his fuiprife was over, 
and he came to examine them with philofophical accuracy, 
he was allonifhed at feeing them in an oblong form, which 
he thought Ihould be circular. He imputed the irregularity, 
at firft, to fome accidental circumilance of which he was not 
aware: when, however, he found the refult uniformly the 
fame in every experiment, he purfued the inquiry, till at 
length he difeovered an infallible method of deciding the 
point, which produced his “ New Theory of Light and 
Colours.” This theory, unexpedled and wonderful as it 
was, did not fatisfy him ; but urged him on to inquire into 
the ufe that might be made of it in improving telefcopes, 
which was his nrll defigri. Having now afeertained that 
light was not homogeneous, but a heterogeneous mixture of 
differently refrangible rays, he computed the errors arifing 
from this different refrangibility ; and finding them to ex- 
ceed fome hundreds of times thofe occafioned oy the circular 
figure of the glaffes, he began to lludy the fubjedl of refiec- 
tioti with the utmoll care. He was now convinced that 
optical inllruments might he brought to any degree of per- 
tedion, provided a fubllance could be found which would 
bear a polifli as finely as glafs, and refledl as much light as 
glafs tranfmits, and that the art of gpving it a parabolic 
figure could be attained. Thefe defiderata ne did not fup- 
pofe could be realized ; but while his mind was intently oc- 
cupied by the fpeculation, the breaking out of the plague 
at Cambridge, in 1665, obliged him fuddenly to quit his 
lludies and his books, and retire into the country. From 
this time, for a fpacc of about two years, Newton lived, in 
a great degree, fecluded from the converfation and the fo- 
ciety of thofe perfons, by whom he might have been alfitled 
in his lludies ; but the adlivity of his genius would not per- 
mit him to fpend this period without engaging in important 
philofophical inquiries. It was, indeed, in the folilude now 
referred to, that the liint occurred which gave rife to the 
Syllcm of the World, which is ihc main fubjedl of hia 
Pnneipia.” As he was fitting alone in a garden, an apple 
falling from a tree, led his thoughts to the fubje^ of gra- 
vity ; and reflecting on the operation of that principle, he 
began to conlider that, as this power is not found lenfibly 
diminifhed at the remotefl dillance from the centre of the 
earth to which we can rife, neither at the tops of the loftieil 
buildings, nor on the fummits of the highell mountains, it 
was reaTonable to conclude that it mull extend much farther 
than was ufually imagined. << Why not,” faid he te him- 
felf, as high as the moon ? and it fo, her motion mult be 
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influenced by it. Perhaps flic is retained in her orbit by it. 
Though the power of gravity is not fenfibly weakened in 
the little change of diftance at which we can place ourfelves 
from the centre of the earth, yet it is very poifible that, as 
high as the moon, this power may differ in ftrength much 
from what it is here.” He made the calculation; but 
having ^one upon wrong data, in fuppoling 6o miles to 
make a degree, in (lead of 69^, the rcfult did not come out 
according to his expedfations : he therefue concluded, that 
fome other caufes miift be joined* with the adtion of the 
power of gravity on the moon ; and on this account he laid 
afide, for that time, any further thoughts upon the fuhject. 
On his return to Cambridge, in 1667, he was elcded fellow 
of his college, and took hi-; degret- of M. A. He now was 
anxious to improve the tclclcope, and had made preparations 
for his experiments, whetj his attention was interrupted by 
the bulincls connedted with the profcfTorfliip of mathematics,, 
which Dr. Barrow religned to him in 1669. Having en- 
tered upon the office, he made his dilcovcnes in optics the 
fiibjedt of his ledbires, for the firli three years after his ap- 
poi'itmiMit to the mathematical chair : and having brought 
his theory of light and colours to a conlidcrable degree of 
perfedtion, he communicated it to the Royal Society, of 
vvhi< h he was a member ; and it was afterwards publifhed in 
their IVaiifadlioris. for the month of February 1672. The 
publication gave rife to a controverfy that occalioncd him 
mu. h uneafinefs, fo that he refolved not to publifli any thing 
further, for a time at lead, on the fiibjedl ; and accordingly 
he laid afide Ins optical ledlures, although they were adfually 
prepared ready for the prefs. His analyds by infinite feries 
underwent the fame fate. He now refumed his telefcopc, 
and obferving that there was no abfolute neceffity for the 
parabolic figure of the glafles, he completed another inftru- 
ment of this kind. This anfwered his purpofc fo well, that, 
though it was only fix inches long, he had feen with it the 
fatellites of Jupiter, and the different phafes of Venus. 
This telefcope he fent to the Royal Society, at their re- 
queft, together with a defeription of it, publifhed in the 
rhilofophical Tranfadfions for March 1672. 

During this year Mr. Newton publiflied at Cambridge 

Bernardi Vareiiii Geographia generalis, in qua affedfiones 
gencrales Telluris explicantur ; audlact illuffrata ab J. New- 
ton.** From this time till 1679 our author maintained a 
correfpondence with Mr. Henry Oldenburg, fecrctary of 
the Royal Society, Mr. John Collins, Mr, Flam deed, and 
Dr. Halley. During this period, at the requed of Leib- 
nitz, he explained his invention of infinite feries, and (hewed 
how far he had improved it by his method of fluxions, 
which, however, he dill concealed by a trail fpofition of the 
letters that made up the fundamental propofitions of it into 
an alphabetical order. The letters concerning this are in- 
ferted in Collins’s ‘‘ Commercium Epidolicum,’’ printed in 
1712. In 1676-7, he difeovered the grand propofition, 
that, by a centripetal force acting reciprocally as the fqiiare 
of the didance, a planet mud revolve in an ellipfis, about 
the centre of force placed in its lowed focus, and, by a 
radius drawn to that centre, deferibe areas proportional to 
the times. About the year 1680 he made many adrono- 
mical obfervations upon the comet that then appeared ; 
which, for fome confidcrable time, he took not to be one 
and the fame, but two different comets, contrary to the 
opinion of Mr. Flamdeed. He next refumed his enquiries 
refpedliiig th: moon. As Picart had meafured a degree of 
the earth in 1679, by ufing his meafures, Newton was led 
to the inference that the moon is retained in her orbit 
folely by the power of gravity, and, confequently, that this 
power decreafes in the duplicate proportion of the dif- 
tance, as he had formerly conje£iurcd. Hence he found 
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the line deferibed by a falling body to be an ellipfis, having 
one focus in the centre of the earth ; and afeertaining, by 
this means, that the primary planets really moved in fuch 
orbits as Kepler had fuppofed, he had tne fatisfaCiion to 
fee that the enquiry, which he had undertaken, at fird, 
from motives of mere curiofity, was capable of being ap- 
plied to the mod important purpofes. Upon this he drew 
up, and afterwards demondrated, about a dozen propoii- 
tions relating to the motions of the primary planets round 
the fun, which he communicated to the Royal Society to- 
wards the clofe of the year 1683. Shortly after this he fet 
down to complete his great work, the “ Principia,” which 
was printed under the care of Dr. Halley, and publifhed 
ill the fummer of 1687, under the title of “ Philofopliix 
Naturalis Principia Mathcmatica.” This treatife was com- 
pofed by the illullrijiis author from fcarcely any other ma- 
terials than the few propofitions above-mefltioned, and in 
the fpace of a year and a half : it has gone through a great 
number of editions, though it did not at fird meet with that 
fort of applaufe to which it was judly entitled, Onereafori 
of this was, that Des Cartes had then got full poffiffion of 
the wot Id, and his philofophy was fuppofed to be better 
adapted to common underdandings. The “Principia,” 
on the other hand, is in many places extremely difficult, 
owing to the number of deps which is left out in the de- 
mondrations, fo that the bell mathematicians were obliged 
to dudy it with care, before they could pretend to become 
maders of this vad treafure of human learning. And not- 
withdanding the helps that wc now have to the right under- 
(landing of the “ Principia,*’ in Maclaurin's ana Pember- 
ton’s works ; in the “ Excerpta” of Dr. John Jebb, and in the 
Commentaries of the Jefuits, publifhed at Rome in four 
volumes quarto ; dill it may be affumed that “ none but 
mathematicians of a high order can completely comprehend 
the reafoningft contained in it. When, however, the true 
value of this work came to be known, the approbation 
which had been fo flowly gained became univerfal, and no- 
thing was heard from all quarters, but admiration of whai 
feemed to be the produdtion of a cclcdial intelligence, ra- 
than of a man.” “ Does Mr. Newton eat, or drink, or 
deep like other men faid the marquis dc rHofpital, one 
of the greated mathematicians of the age, “ I reprefen t 
him to myfelf,” he added, “ as a celedial genius entirely 
difengaged from matter.” 

A fhort time before this work went to the prefs, the pri- 
vileges of the univerfity of Cambridge were attacked by 
king James II., who fent a mandamus to admit father Fran- 
cis, an ignorant Benedictine monk, to a degree of M.A. On 
this occafion Mr. Newton appeared among the moll zealous 
and aClive defenders of that body, and was appointed one 
of the delegates to the high-commiffion court, where they 
maintained their caufe with fuch refolution and deadineis 
that the king did not think it right to prefs the affair. New - 
ton was, after this, chofen one of the reprefentatives of the 
univerfity in the convention-parliament of 1688, the feffions 
of which he attended till its diffolution. In 1696, Mr 
Newton was appointed to the office of warden of the mint, 
and in this fituation he rendered very important fervice to 
the nation, and was properly rewarded, in a few years, with 
the appointment of mader of the mint, a place worth 1200/. 
per annumf which he held during the remainder of his life. 
Upon the promotion be refigned the mathematical chair at 
Cambridge, and was fucceeded in it by Mr. William Whiilon. 
In 1699 he was elected a foreign member of the Royal Aca- 
demy of Sciences at Paris, and in 1703 he was chofen pre- 
fident of the Royal Society of London, and retained that 
honourable office till his death. In the following year he 
publifhed hii <* Optics ; or A Treatife of the Refie6tion$, 
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RefiraAions, InfleAionfl, and Colours of Light.'* This work 
was the refult of his occafional labours for thirty years in 
bringing the experiments, on which his *« New Theory of 
Light and Colours” is founded, to that degree of cer- 
tainty and exadlnefs which alone could fatisfy himfelf. This 
feems to have been his favourite invention : he was the firft 
perfon who conceived the idea, and engaged in the fubtile 
and delicate Rudy of the anatomy of light ; who difle^ted a 
ray of light into its primary conftituent particles, which 
then admitted of no farther feparation ; who difeovered the 
different rcfrangibility of the particles thus feparated, and 
that ihefe conliitnent rays had each its own colour inhe- 
rent in it. On this fwbjecl we could enlarge would our li- 
mits allow. With the anprobaiion of the author, Dr. 
Samuel Clarke tranflated tlie Optics** into the Latin lan- 
guage, and he did the bulinefs lo much to the fatisfadtion 
of Mr, Newton, that he prefented him with 500/. for his 
labour. It was puhlifhed in 1706. With the fir R edition 
of his Optics, the author pubhfhed his “ Quadratures of 
Curves,’* which Miiy .be regarded as the earlieR appearance, 
in print, of his-Method of Fluxions, which he had invented 
in the years 166 j and 1666. M. Leibnitz had, fince the 
year 1 684, endeavoured to imprefs the world with the per- 
fuadon, that Newton had borrowed this invention from his 

Differential Method ;*’ when, therefore, our illuftrioua 
countryman laid dhum to his own difeovery it led to much 
altercation, hut the learned world in general decided in fa- 
vour of Newton ; and Fontcnellc, in fpeakingon the fubjcA, 
fays, “ Sir Ifaac by many yearb, the firlt inventor. 

M. l..eihnitz, on the oilier fide, was the firft who pub- 
lifhed this method of calculation ; and if he took it from 
fir Ifaac Newton, he refembled Prometheus in the fable, 
who Role fire from heaven that he might communicate it to 
men.*' See our article Kt’.ii l, John. 

In the year 1705, queen Anne conferred on Mr. Newton 
the honour of knighthood ; two years after this, Mr. 
Whifton, by our author’s pertnilfion, puhlifhed his Alge- 
braical LeAures, under the title of Arithmetica Univer- 
fahs, five de Compofitione ct Refolutionc Anthmcticae 
Liber,’* which work was trandated into Etiglifh by Mr. 
Raphfon. In 1711, our author’s “ Analyfisper Quaniita- 
tum Scries, Fiuxioncs et Differentias, cum Enumerationc 
Linearura teriii Ordinis** was pubhfhed by William .Tones, 
cfq. F.R.S., who met with a copy among the papers of 
Mr. Collins, to whom it had been communicated by Dr. 
Barrow. It was puhlifhed in confequence of the difputc 
relating to the invention of Ruxions, which alfo occafioned 
the printing, in 1712, by the confent of fir Ifaac, a Col- 
leAion of Letters, already referred to, by him and others 
in that controverfy, under the title of “ Commercium 
Epidolicum D. Johannis Collins et aliorum, de Analyfi 
promota, juffu Societatk Regiae in Lucem editum.** In 
the year 171 C, M. Leibnitz, with the view of gaining credit 
to the pretention that the “ Method of Flttxions” had been 
borrowed from hts Differential Method,” attempted to 
baffle fir ifaac New to 11*8 mathematical fkill by his famous 
problem of his TrajeAorids, which he propofed to the Eng- 
lifh by way of challenge ; but though it was the moit dif- 
ficult propofition which his ingenuity, after much Rudy, 
was able to devife, the folution of it proved fcarcely more 
than an amufement to Newton. The problem was received 
by him at four o’clock in the afternoon, as he was return- 
ing from the mint, and though he was extremely fatigued 
With bufinefs, yet he finifhed the folution of it before he 
retired to bed. 

Upon the acceilion of king George I. to the Britifh 
throne, fir Ifaac was particula^y noticed at court, and Was 
Cpeciatty introduced to the princefs of Wales, afterwards 
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queen Caroline, who took great delight in literary and phi- 
lofophical enquiries, and in the converfation of men diitin- 
guimed by their talents and knowledge. With that of our 
author flie was always peculiarly gratified, deriving from 
it that full fatisfadlion in every difficulty, which file had in 
vain fought for elfewherc, and (he did not fcruple to fay 
that (he thought herfelf happy in coming into the world 
at a j unsure of time which put it in her power to con- 
verfe with fir Ifaac Newton. At the folicitations of this 
pnneefs he drew up an abRraA of his Chronology,’* and 
communicated a copy of it to the abbe Conti, upon the 
promife of his keeping it fecret ; itiRead of which he bad 
It tranfiated and printed at Paris, under the title of “ Abregd 
de Chronologic de M. Le Chevalier Newton, fait par lui- 
mcnic ct traduit fur le Manufeript Anglois:** a copy was 
feiit to fir Ifaac by the bookfeller , who printed it, under 
the pretence of afking his confent to the publication ; but 
though he gave a diredt and moR explicit denial, tlm work 
was lent into the world in the courfe of the year, rie ac- 
cordingly found it neceflary to enter into a vindication of 
himfelt, which was inferted in the 34th volume of the Phi- 
lofophical TranfaAions, under the title of “ Remarks upon 
the Obfervationtj made upon a Chronological Index of fir 
llaac Newton, tranfiated into French by the Obfervator, and 
pubiifhed at Paris.** Of this paper a tranfiation appeared 
at Pans in 1726, with a letter of the abbe Conti in an- 
fwer to it. In the fame year, likewife, fome diflertations 
were publifiicd at Paris by father Sonciet, againR the 
“Chronological Index,” a reply to which, by Dr. Halley, 
was given in the 397th Number of the Phil. Tranf. 

Our philofopher enjoyed a regular and pretty equal Rate 
of health until he attained his eightieth year, when he l»c- 
gan to decline : his illuefs was fuppofed to be occafioned by 
a Hone in the bladder, which at times was attended with 
fucli paroxyfms of pam as caufed large drops of fweat to 
roll down his face. During thefe attacks he w'as never 
heard to utter the leaR complaint, nor to exprefs any im- 
patience, and as foon as he had a moment's eafe he would 
imile and converfe w’lth his ufual cheerfulncfs. Till this 
period he had always read and written for feveral hours m 
a day, but he was now rendered incapable of much appli- 
cation. On the morning of the iBth o{^ March 1726-7, he 
read the newfpaper, and converfed for a confidcrable time 
with Dri Mead, his phyfician, having then the perfedl ufe 
of his faculties, of which he was, however, deprived in the 
courle of the following night, and he breathed his laR on 
the 20th of the fame month, being in the 85th year of his 
age. Splendid funeral honours were paid to his remains, in 
a manner, in every refpeA, fuitable to his extraordinary 
merit, and that high cRimation in which he was defervcdly 
held in every part of Europe. His body lay in Rate in 
the Jerufaiem chamber, adjoining the houfe of lords ; and 
at the interment the pall was fupported by the lord chan- 
cellor, the dukes of Montrofe and Roxburgh, and the earls 
of Pembroke, Suflex, and Macclesfield. 

In contemplating the charaAer and genius of this great 
man, it is not eafy to determine whetlitr fagacity, penetra- 
tion, Rrengih, or diligence had the greateR mare in his com- 
pofition. He entertained a very modeft opinion of his own 
abilities, faying, when complimented on the extraordinary 
powers of his mind, if he had done any thing worthy of 
notice, and of fervice to the world, it was owing more to 
his induRry and patience of thought, than to any extraor- 
dinary fagacity. I keep the fubjeA conftantly before 
me,'* faid he, “ and wait till the firR dawnings open fiowly, 
by little and little, into a full and clear light.** When en- 
gaged in the folution of difficult problems, he was often 
10 completely loft to the world as to forget the common 
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concenut of life. He ha* beeo known to fit for hours on 
the fide of his bed with his clothes half on and half off, ab* 
forbed in thought; at other times he has gone through 
the (lay without food, having forgotten the wants of na- 
ture, in the contemplation of fome mathematical truth. 
Our author's temper is faid to have been fo mild and equal, 
that fcarcely any accident could difturb it. One inftance 
in particular is mentioned of this difpofition. He had a fa- 
vourite little dog called Diamond, which being left in his 
ftudy, had overfet a lighted candle, among his papers, and 
burnt the almoft finilhed labours of many years. This lof'* 
was irretrievable, yet the pliilofopher only exclaimed, “ 0 
Diamond ! Diamond ! thou little knowefi the milchief thou 
haft done.” 

It (hould be noted that fir Ifaac Newton was candid and 
affable, and always put himfclf upon a level with his com- 
pany. He never thought cither his own merit or reputa- 
tion fufficient to excufe him from any of the common of- 
fices of focial life ; and no fingularities, either natural or 
affected, diftinguilhed him from other men. With refpeft 
to his religious fentiments, he was unqucftionably a firm be- 
liever in the truth of divine revelation, and a ferious, ra- 
tional Chriftian. His difcovcrics concerning the frame and 
fyftcm of the univerfe, he employed to demonftrate the ex- 
iftence of a God, againll Atheifm of all kinds, and to il- 
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luftratc his power and wifdom in the creation of the world ; 
and he applied himfelf with the utmoll attention to the 
ftudy of the facred writings, and confidcred the feveral 
parts of them with uncommon exaflnefs. He adhered, 
outwardly, to the communion of the church of England, 
though he did not believe in all its doftrines : with refpeft 
to the perfon of Chrift, there feems no doubt that fir Kaac 
Newton was inclined to Unitarianifm ; for this we have the 
teftimony of his friend and co-operator in the mint, Mr. 
Hopton Haynes, independently of his own writings. Sir 
Ifaac was never married, and Fontenelle fays he never had 
time to think of it, taken up as he was, at firft in pro- 
found and continual ftudy, and afterwards employed in an 
important and confiderable poll, which left no vacancy in 
his life, nor any occaiion for domeftic fociety. He died 
rich, and inteftate. His library has defeended to the prefent 
times, in his own family, and at the moment of writing 
this article (March 27, i8ij,) it is felling by auftion in 
London, by order of the executors of Mrs. Ann Newton. 
(See Newtonian PhiJ$/ophy.) For a notice of our au- 
thor’s works not mentioned in this article the reader is re- 
ferred to the Biographia Britannica : the moft complete 
edition of them, colleftively, was given to the public by Dr. 
Horfley in 1785, in ; vole, royal 4to. See Horsley. 
Biog. Brit. Femberton’s and Maclaurin’s Views, &c. 
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NICKEL^ in Cherntfiry^ a fimple fubflanccy and a metal 
of a white colour. When obtained perfectly pure it is maU 
leable. Its luftrc is agreeable, and at fome period it may 
become of importance in the arts, and in domcftic economy. 

AJfay and Analyfis of iViVitr/.— This metal is generally ob- 
tained from a mineral of a reddifh-brown colour, frequently 
fpotted with green, found plentifully in different parts of 
Germany. This ore was formerly thought to be copper 
ore, from its green fpots, but in confequencc of its af- 
fording no ccmper, it obtained the name of kupfer mckelf 
which means falfe copper. This mineral chiefly confifts of 
nickel and fulphur, but contains more or lefs of arfcnic, 
cobalt, and iron. The iirft experiments to afcertain the na- 
ture of this mineral were byCronlledt in lyfii who was of 
opinion that he had obtained a peculiar metal from it, to 
which he gave the name of nicKel. What he procured, 
however, was not pure nickel, in confequence of which the 
authority of this chemill was doubted by Sage and Mon- 
net. This point was at laft finally fettled by Ikrgman, who 
proved it to be a new metal. The experimeiits were pub- 
liflied in 1775. The purification of this metal has been fince 
carried to a greater e'i tent by different chemifls. The fol- 
lowing is the moll approved procefs for obtaining the oxyd 
of this metal in a iUte of purityi from which the metal 
is afterwards eafily obtained. 

After the ore above-mentioned has been roafted with 
charcoal, which may probably expel fome of the arfenic, 
it mud be reduced to a fine powder, and treated with nitric 
acid. The remaining fulphur will be feparated, or, with 
the arfenic, converted into fulphiiric and arfenic acids. If 
to a folution nitrat of lead be added, thefe acids will be 
precipitated by the lead in the date of fulphat and arfeniat 
of lead. If too much nitrat of lead be added, the lead 
may be precipitated by adding fmall portions of fulphuric 
or rather fulphat of foda, till no more precipitates take 
place. The folution now contains nickel, iron, and perhaps 
cobalt and copper. The copper may be feparated by a 
clean bar of iron. The folution muft now be treated with 
carbonat of potaHi, by which the three ox yds will be pre- 
cipitated together. Thefe being wafhed, the nickel and 
cobalt may be diiTolved in pure ammonia, while the oxyd of 
iron will be left behind. This ammoniacal folution is next 
heated, till the ammonia is driven off, which is known by 


its ccafing to tinge turmeric paper brov/n. If to thele 
oxyda pure potafh be added, the oxyd of cobalt will be 
diffolved, while that of nickel will be left in a ftate of pu- 
lity. The oxyd of nickel is notv to be made into a pafte 
with oil or fat, and introduced into a crucible, with fome 
black flux. The crucible fliould be lined with cliarcoal, and 
provided with a clofe cover ; the whole nnift be heated 
ftrongly in a fmith’s forge for more than an hoar. On 
cooling a button of pure nickel will be found. 

This metal, as has been remarkedi is of an agreeable 
white colour, poffefling confiderable hardnefs and luflYc. 
Its fpecific gravity is about 8.3, which increafes with ham- 
mering. It is laid to be capable of being hammered into 
(heets not thinner than , ^^dth of an inch. It is now gene- 
rally believed to be magnetic, like iron. It does not fufe 
at a temperature lefs than i6o^of Wedgewood. It poffeffes 
the vduable property of not being changed by expofure to 
the air, nor by immcrfion in water, at the common tempera- 
ture. When, however, it is expofed to a tolerable heat, it 
becomes tarnifhed, and ultimately covered with oxyd. A 
much iironger heat fets this oxygen free, as is the cafe with 
the noble metals. 

The oxyds of nickel at prefent known are two, nany^ly, 
the grey and the black. Chemifts are at prefent divided in 
opinion whether the green oxyd be the firft or fecond oxyd. 
Dakon feems to be uncertain as to this point, the atom 
of oxygen being 7. And fince the analyfis of Richter gives 
78 of metal to 22 of oxygen, we (hall have, confidering the 

grey oxyd the firft oxyd, ^ = ^- 5 , and x = = 24 81 , 

the weight of the atom of nickel. If it be confidered zf 
X 98 

the fecond oxyd, then — = t-, and x =s 40.62, the weight 
14 22 -ry ^ 5 

of tlie atom of nickel. Thefe numbers are fo near 25 and 
50, that Dalton lias given with doubt 25 or 50 for the atom 
of nickel. Sir Humphrey Davy thinks the grey oxyd the 
fecond oxyd, from the number he gives for nickel agreeing 
alfo with the fulphuret. We have, thmfore, good ground 
for ftating the weight of an atom of nickel at 50. From 
thefe data the firit oxyd will confiff of 50 to 7, or in the 
100, there is Sy.y ni^l, and 12.3 oxygen. Thefecond^o 
to J4, or 100 will give 78.1 nickel, and 31.9 oxygen. The 
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third, or black oxyd, will be 50 nickel to 31 oxygen, or in 
100, there will be 70 of nickel, and jo of oxy^. 

The fecond oxyd is obtained by diflblving nickel in nitric 
acidy and precipitating the oxyd by means of potafli. This 
precipitate is not the pure oxyd, but an hydrated oxyd, 
containing, according to fir Humphrey Davy, |th its weight 
of water. When this hydrat is heated to ignition, the water 
is feparated, leaving the grey oxyd. When the oxymuriaiic 
acid gas is pafTed through water mixed with the latter oxyd, 
it becomes converted into fhe black oxyd. 


Nickel combines with fulphur. We ar<* indebted to Mr. 
E. Davy for the proportions of its combination with 
phur, which he Rates at 34 fulphur to 66 nickel. This 
lulphuret muft be confidcred as 2 atoms of liilphur, 2 x 13 

r . 1 1 r 50 4 26 100 

to I, of nickel, 50, for ^ or 34.2 oxygen lo 

65.8 nickel. This very ftrongly confirms the truth of the 
number 50 for the weight of the atom of this metal. 
From the fame authority there appears to be another ^ul- 
phuret, formed by heating the grey oxyd with fulphur, con- 
fiding of 56.5 nickel, and 43.5 oxyjen. Thie will be 
3 X 13 to 50, which gives 43.8 fulphur, and c 6.2 nickel. 
Nothing can be more fatisiadory than this aimoR exaA 
agreement between theory and pra6tice. The firfi ful* ^nret 
will be 13 to 50, or in 100, 20.6 fulphur, ami 79.4 nickel. 
According to the authority of Thcnard, pholphurus com- 
bines with nickel in the proportions of 1 7 phofphorus to 
83 of nickel. Theory would - give the firll phoOhurct 
50 to 9, or prr ecu/. 13.3 phofphorus and 84.7 .iiek**. 
The fecond fulphuret will be 50 to 2 x 9, or pur cent, jt.f 
nickel, and 26.5 phofphorus. The combination of nickel 
with hydrogen, nitrogen, carbon, and the bafe of the bo- 
racic acid, is not known. It forms alloys with fome of the 
metals, but, thefc compounds have been little examined. 
Since nickel is a malleable metal, and difficult of fufion, fome 
fufible alloy with it might be of importance. Its alloy with 
gold was tried by Mr. Hatchett in the proportions of 1 1 gold 
to 1 of nickel, which was brittle, and of the colour of 
brafs. Sir H. Davy fpeaks highly of its alloy with iron : 
its colour appoaches filver as the nickel prevails, while the 
malleability of the iron is not impaired. It is alfo lefs liable 
to ruft than iron. The fame author obferves that fron in 
meteoric ftones is alloyed with nickel from 1.5 to 17 per 
cent, of the latter 


ScAi of NkleU or the Comhination of its Oxyds with Acids'*-^ 
The few fafts of which we are in polfemon of contbina- 
tkms of this fubftance with acids, are not ilridly to be relied 
upon, from the circumftance of the experiments being piadc 
upon impure nickel. 

Sulphat of JVfeIc/.-— Sulphuric acid has little a6iion upon 
nickel, but it difiblves its oxyd, forming a fait, the folution 
of which is of a beautiful green colour. Bv evaporation it 
affords prifmatic cryRals, which afterwards efflorefee and 
become opaque. The compofition of this fait has not been 
afeertained, but it may be inferred with fome hope of truth, 
from the near coincidence of the other compounds of nickel 
with theory. The oxyd which unites with the acid is doubt- 
Icfs the grey ; hence 34 4 Jo 4 14 wiU conftitute the fait, 
or 34 acid to 64 oxyd. This will give per cent. 34.7 acid, 
and 65*3 of bale. 
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Nitrat of MVir/*— Nitric acid oxydates and difiblves 
nickel. The folution is of a green colour, and affords rhom- 
boidal crvftals. This fait is firil deliquefeent, and after- 
wards falls to powder, by lofing its acid, tlic atom of 
nitric acid being 19; and fince the foluble nitrats mofily 
contain two atoms of acid, it will beconftituted by 2 x 19 
acid to 64 of oxyd. 

ilfiirio/ j/JViffrf.— The muriatic acid ads feebly upon 
nickel. With the aid of nitric acid, however, it becomes 
oxydated, and the muriatic acid difiblves it, forming a green 
folution, which at firfi cryftallifes in the form of rhomboidal 
prifms. Thefe are foon a6led upon by the air, and ulti- 
mately lofe the acid, like the nitrat, the atom of muriatic 
acid being 22. This fait will confiil of 22 acid, and 64 of 
bafe. 

Phofphat of Nickel. — The phofphoric acid takes up a very 
fmall quantity of the oxyd of nickel and hence is perhaps 
almoft an infoluble fait. Hence the bett way of forming it 
will he by adding phofphat of foda to nitrat of nickel. It 
will be formed by 23 of acid, and 64 bafe. 

Fluat of Nickel — This fait is foluhle, and affords green 
cryftals. It will confift of 15 acid, and 64 bafe. 

Borat of Nickel — This fait is very little known. It may 
be formed by mixing borat of foda with nitrat ♦f nickel. 

Carbonat of Nickel — This fait is mentioned by Bergman, 
who formed it by adding an alkaline carbonat to the nitrat 
of nickel. He found it to conlift of 36.4 aefd and water, 
and 43.6 of bafe. 

Acetat of Nickel — Oxyd of nickel difiblves in acetic acid, 
forming a foluble fait, which cryftallifes in a rhomboidal 
form, and of a green colour. 

Oxalat of Ni^el — The oxalic acid (lightly attacks nickel, 
with which it forms a green powder, from the fait being in- 
foluble. It (hould be formed by adding oxalat of foda to a 
nitrat of nickel. The fait falls down in the form of green 
powder. * 

Tartrat of Nickel has not been examined. 

Arfeniat of Nickel. — This is a foluble fait, but little known. 

Molybdat of iV/r/lr/.— This fait is in the form of white 
powder, and probably infoluble. 

Sulphat of Nickel and Potajb —This is a triple fait, difeo- 
vered by Prouft. It is formed by adding potalh to the ful- 
phat of nickel. By evaporation it eafily cryftallifes in the 
form of prifns of a beautiful green colour. It has a 
fweetilh talle. 

Sulphat of Nickel and Ammonia. — Ufing ammonia as the 
potafh is ufed in the laft fait, forms a triple fait of a green 
colour, affording flat prifmatic cryftals. 

Sulphat of Nickel and Iron. — This fait is formed by adding 
nitrat of nickel to fulphatof iron, or by diflblving the two 
oxyds in fulphuric acid. It affords green cryftals, which are 
eiflorefeent. 

A triple fait is alfo formed by adding an excefs of ammo- 
nia to nitrat of nickel, confiding of nitric acid united with 
oxyd of nickel and ammonia. It affords green coloured 
cryftals. This fait has the peculiar property of being de- 
compofed by the alkalies, at lead the oxyd is not precipitated. 
This property is of fome importance for feparating nickel 
from other metals* The metal is, however, precipitated by 
the hydro. fulphuret 8, For the principles on which the num- 
bers reprefenting the relative weights 6T the atoms of bodies 
are calculated, fee Proportion of Chemical Compounds 
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NITRATS, in ChmiJlrjy that genus of falls formed 
by ihe nitric acid with the different faline bafes. The great 
facility with which the nitric acid is decompofed by the dif- 
ferent inflammable bodies, is the caufe of the marked cha- 
rafter of detonation poffeflcd by thefe compounds. The 
heat and light furnilhed during the detonation of the nitrats 
with inflammable bodies, as in the cafe of gunpowder, has 
been ufrd as a fuccefsful argument again tt the Lavoiferian 
doftrinc of combuftion. If the oxygen be the fource of 
the light and heat, and that only when it paffes from the 
elaflic to the (olid or liquid form, it will be evident, thsit 
cold ought to be produced from the detonation of the ni- 
trate. It is now, however, pretty generally admitted, that 
bodies do not give out caloric in the ratio of their condenfa- 
tioa, but in proportion to the cnange of fpeahe heat dur- 
ing tlie clicmic;^! change. It is therefore highly probable, 
that no great quantity of heat is given out during the com- 
bination of nitrogen with oxygen to form nitric acid. It 
mult alfo be admitted, that the inflammable bodies them- 
feivcs give out a quai ):ty of caloric during the detonation 
with nitre. A fimilar conclufion mud ut drawn in the 
aftion between oxymuriat of potafh and the inflammable 
bodies. 

The greateft proportion of the foluble nitrats contain 
t atoms of acid to i of bafe, fo that infteadof cqnfidering the 
acid as 19, the weight of 1 atom, hydrogen being 1, it will 
be generally found 38, Thofe falls, which have been called 
fub-nitrats, are generally nitrats, in which the acid is 19. 
We fliall now give an account of fome of the nitrats that have 
been omitted in their proper places, and refer to others 
under their refpeftive bafes. Of thefe the mod important 
is the nhrat of PoTAi^p ; which fee. 

Nitrat of jllumine. This fait is prepared by diflolving 
alumine in nitric acid, and evaporating the folution tfll the 
fait cryftallifes. In this fait there is always an excefs of 
acid, and it is therefore fometimes reckoned a fuper-nitrat. 
It cryftallifes with great difficulty in thin foft plates, 
which have but little brilliancy. It has an acid and alfo 
an aftringent tafte. Its fpecific gravity, according to Haf- 
fenfratz, is 1.645. It is very foluble in water, and when 
the fluid is evaporated, it is converted into a glutinous maff 


of the confluence ol honey. It often ailumes on cooling 
the form of a jelly. When expofed to the air, it very foon 
attrafts moillure and deliquefees. When heated, the acid 
is difengaged with great facility, and the earth remain! 
behind. 

Nitrat of Ammoma. This fait was formerly diftin- 
guilhed by the names of nitrum femivolatilcf and nitrum flam* 
mans. Berthollct examined it in the courfe of his experi- 
ments on the component parts of nitric acid, and fir Hum- 
phrey Davy, in his refearches, has added confidcrably to 
our knowledge of its compofuion and decompofition. It 
may be prepared by diflolving carbonat of ammonia in di- 
luted nitric acid, and evaporating the folution till the fait 
cryftallifes. The appearance of this fait varies much ac- 
cording to the temperature at which its folution is eva- 
porated. In a heat of from 70^ to ioo°, and by flow cooling, 
it is* obtained in Cx-lided prifms, terminated by long fix- 
fidcd pyramids. When the folution is evaporated at the 
temperature, of boiling water, or 212*^, the cryftals arc 
channelled and have a fibrous texture, or they are formed 
of long elaflic threads. When dried in a heat of about 
300 ’, it aflumes the form of a white and very confipa6I mafs. 
Thefe differences are unqueftionably owing to different pro- 
portions of water of cryftallization, which the fait con- 
tains. Nitrat of ammonia has a very acrid, bitter, and dif- 
agreeable tafte. Its fpecific gravity-is, according to Haf- 
fenfratz, in the Annales de Cliimie, 1.579. At the tern- 
perature of 60"" it is foluble in two parts of water, and it 
diffolves in lialf its weight of boiling water.' When ex- 
pofed to the air, nitrat of ammonia foon attrafts nioifturc 
and deliquefees. When it is heated ih the ftate of cryftals, 
it becomes fluid at a temperature below 300^^, and at from 
360^ to 400° it boils without decompofition; but when 
heated to 450^ or higher, it is gradually decompofed with- 
out lofing its water of cryftallization. When this fait is 
decompofed in a temperature not exceeding 500^ it is 
wholly converted into nitrous oxyd and water. From the 
experiments of fir H. Davy thefe produfts arc in about the 
proportion of four parts of gas to three of water. Wkn 
expofed to a heat of 600^, and higher, it explodes, and is 
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totally decompofed) being converted into nitrous gasi nitrous 
acid, water and azotic gas. Hence its name among the 
older chemiftj*, nttrum Jlammans* Its conftitucnt parts, ac- 
cording to fir H. Davy, are 


Acid 

69.5 

7^*5 

74-5 

Bafe 

18.4 

* 9*3 

19.8 

Water 

12.1 

8.2 

S -7 


100 

100 

100 


In the firft of thefe anal} fes the fait was prifmatic ; in the 
fecond it was fibrous; and in the third it w*as compad. 
The chief ufe of this fait is for yielding Ninious Oxyd; 
which fee. 

Nitkat of Barytes is iifually prepared by diffolving 
native carbonat of barytes in nitric acid, or by decompofing 
fulphuret of barytes by means of nitric acid, and evaporating 
the filtered folution till the nitrat cryiUllifes. Its cryftals 
are regular o£lahedron8, and they often adhere to each 
other in the form of ftars. Sometimes it is obtained in 
fmall brilliant plates. Its fpccific gravity is 29.2 nearly. 
It is very cafily reduced to powder. Its tallc is hot, acrid, 
and auftere. It is folublc in 12 parts of water at the tem- 
perature of 60^, and in about three or four parts of boil- 
ing water. As the folution cools, the fait may be obtained 
in cryftals. It is fcarcely at all altered by expofure to the 
air. When thrown on burning coals it decrepitates, under- 
goes a kind of fufion, and then becomes dry. When 
ftrongly heated in a crucible, the whole acid is gradually 
driven off, and the barytes remains pure. It detonates Icls 
violently with combuftibles than molt of the nitrats. The 
oonfthuents are given by Fourcroy and Vauquelin, in the 
Annales de Chimie, as follows ; 

Acid ... 38 

Bafe - . - 

Water - - - 12 

icx> 

Nit HAT of Glncine. See Glycine. 

Nitrat of Lime, See Lime. 

Nitrat of Magnejia, See Magnesia. 

Nitkat of Magnejia and Ammonia was firft deferibed by 
Fourcroy in 1790, and is prepared by mixing together the 
folutions of nitrat of ammonia and iiitrat of magnefia, or 
by decompofing cither of thefe falls in part by the bafe of 
the other. When the two falls are mixed together, the 
nitrat of ammonia and magnefia gradually precipitates in 
cryftals. Thefe cryftals are in the form of fine prifms ; 
they have a bitter acrid ammoniacal tafte ; are foluble in 
about 1 1 parts of water at the heat of 60"^, and in lefs as 
the temperature is higher. When expofed to the air, they 
gradually attrad moifture, but more (lowly than either of 
their component parts. The phenomena, which this com- 
pound exhibits when heated, are fimilar to thofe which 
Its compenent.parts exhibit in like circumftances. Accord- 
ing to Fourcroy it is compofed of 

78 parts of nitrat of magnefia, 

22 — - ammonia. 

Nitrat of Silver^ in the Materia Medico, See Sil- 
ver. 

Nitrat of Soda, See Soda. 

Nitrat ^ Strontian, See Strontian. 

Nitrat rf Tttria, Sec Yttria. 

Nitrat of Zircoma, See Zirconia. 

Nitrat of Ammonia^ in Agriculture^ a neutral faline 
fubftance formed by the combination of the nitric acid and 
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ammonia, or volatile alkali. This fubftance cannot be 
obtained in fufEcient proportions for the purpofes of agri- 
culture, but is ufcful in the analyfia of foils. 

Nitrat of Iron^ a fait formed by the union of nitric 
acid with iron, but is a fait rarely prefented by nature : its 
properties or effedls, as they may apply to agriculture, 
are not, lord Dundonald fays, worthy of much obferva* 
tion. 

Nitrat of Lime^ is an earthy fait which confifts of the 
nitric acid and lime. It is found in the mother-earth of 
nitre manufacloriej, on old walls, and mixed with true native 
nitre in the kingdom of Naples. The pureft is obtained 
by the artificial and dire6t combination of its conftitucnt 
parts. And it is a faline fubftance, that is alfo found in the 
rubbifh of old buildings, and in thofe materials from which 
faltpetre is extra^ed : viz, animal and vegetable matters, 
which, with a due proportion of calcareous earth, have un- 
dergone the putrefadive procefs, together with a fiibfe- 
quent, fufHciently long, expofure to atmofpheric air. j\c- 
cording to Dr. Home, it is likewife contained in what is 
commonly called hard-water, which, by his experiments, 
was found to promote the growth of plants in a much 
higher degree than foft-water. It is very foluble and 
dcliquefcent ; it is decompofed by fixed alkalies, and forms 
therewith nitrat of potalh or faltpetre, and nitrat of foda, 
or cubic nitre. 

Nitrat of Magnejia^ is an earthy fait, < ompofed of the 
nitric acid and pure magnefia. It is found native in the 
mother-earth of nitro manufadtorics, and on walls. It has 
been obtained artificially by direft and indireft combination. 

Lord Dundonald remarks that no agricultural experi- 
ments have yet been made with this copipound ; it is a very 
deliquefeent and foluble fait ; and there is reafon to expedf, 
that it will produce effefls in promoting vegetation, fimi- 
lar to thofe which may refult from the application of the 
nitrat of lime. 

It is decompofed by alkalies and lime, and forms there- 
with nitrat of potafh, nitrat of foda, and nitrat of lime. 

Nitrat of Potaflt^ a neutral fait, fiirmed by the combi- 
nation of nitric acid and potalh, or the fixed vegetable al- 
kali. It is found in the fiffures of the lime-ftone hills, near 
Molfetta, in the kingdom of Naples, in various waters, and 
even in rain : likewife in the frefli juices of many plants, 
fuch as the heliotrope, pellitcry, tobacco, and others, li is 
produced fpontaneoufly wherever its alkaline bafis is ex- 
pofed to a free current of air, and to the exhalations of pu- 
trefeent vegetable and animal matter ; as on damp walls, 
rubbi(h, the ordure of ftables, dunghills, 6cc. In Spain, 
the Laft Indies, and near Lima, it is generated upon com- 
mons and uncultivated ground ; and it is even afferted that 
in the fouthern regions of Spain, faltpetre is found in the 
dull of the high roads. Lord Dundonald, in his treatife on 
the Connexion of Agriculture with Chemiftry, ftates “ that 
it is conftituted by the putrefaction and complete decom- 
pofition of animal and vegetable fubftances, when mixed 
with calcareous matter and wood afties.’’ It is found to 
promote vegetation, but is too expenfive to be iifed as a ma- 
nure for land. 

Nitrat of Soda^ a very foluble fubftance, formed from 
the combination of the nitric acid and the mincrial alkali, or 
foda, which, on account of the figure of its cryftals, has 
obtained the name of cubicf or more properly, of rhom- 
boidal nitre. Bergmann diftinguilhes it by the name of 
nitrated foda, and modern chemifts by that of nitrat of 
foda. It has not hitherto been found in a native ftate, but 
is always produced, either direCUy or indirectly, by the arti- 
ficial combination of its conftituent parts. Lord Dundo- 
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ndd fuppofes it capable of promoting vegetation in an equal 
degree with the nitrat of potafh/* 

NITREf in Chen^ryf the Materia Medka^ &c. See 
N\lreA of Poia/b, under Potash. 

Nitrb» in Agriculture^ a term formerly applied to a fait 
extrafted in Perfia and the Eaft Indies, from certain earths 
that lie on the iides of hilla ; and artifically produced, in 
feme parts of Europe, from animal and vegetable matters 
rotted together (with the addition of lime and a(he8)> and 
expofed &r a length of time to the air, without the accefs 
of which nitre is never generated. 

It was formerly fuppofed to have much influence in the 
bufinefs of vegetation. See Nitrat of Potq/b, 

Nitre, Atkalfed^ is the fixed alkali remaining after the 
nitrous acid has been deftroyed by its detonation with any 
inflammable matter. This alkali is generally called fixed 
nitre. 

Nitre, Ammontaeah is a neutral fait refulling from the 
combination of the nitrous acid, to the point of faturation, 
with volatile alkali. The acid, in the mofi concentrated 
Hate in which it is commonly met with, faturates about five* 
fixths.its weight of vegetable fixed alkali. 

Nitre, AntimOniatea. See Antimony. 

Nitre, Calcareous^ is a neutral fait, compounded of the 
nitrous acid combined to faturation with a calcareous earth ; 
and generally called nitre with an earthy hafis. This fait is 
very deliquefcent, but incapable of a true cryllallization. 
It has a poignant, acrid, and bitter tafle. See Nitrum 
Calcareum. 

Nitre, Clyffus of. See Ciyssus. 

Nitre, Cryftals of. See Crystal. 

Nitre, Cvkic^ or Quadrangular ^ is a neutral fait, formed 
^ the nitrous acid when faturated with mineral alkali. 
This cryHallifes not into a prifmatic but a cubical figure, 
and fometimes into parallelepipedons, with rhomboidal faces. 
It is inferior to ordinary nitre, and never ufed. 

Nitre, DecoSion of is prepared by boiling half an ounce 
of nitre, and two ounces of fine fugar, with a fcruple of 
cochineal as a colouring material, in 3^ pints of water, till 
half a pint is wafted, and after ftanding to fettle, the clear 
purpli(h-red liquor is poured off for ufe. 

Nitre, Diafhoreticy of Antimony. See Amtimony. 

Nitre, Fixed by Arjenic^ is the alkali of nitre, the acid of 
which has been expelled in an open fire by means of arfenic, 
of which fome portion is retained by the dkili. This may 
be employed as a flux, as it greatly alfifts vitrification. 

Nitre, Fiseed bv Coals. See Fixed Nkre. 

Nitre, Fixed by Metals^ is the alkali of nitre feparated 
from its acid, and mixed with the earth of the calcined 
metals. 

Nitre, Fixed by Tartar^ is the alkali of nitre and that of 
tartar mixed together by means of detonation. This is 
called the white flux. 

Nitre, Glauhef*s Spirit of See Spirit, and Nitric 
Acid. 

Nitres, Metallic^ a general denomination that compre- 
hends all neutral fslts compofed of the nitrous acid united 
with a metallic fubftance ; the feveral kinds of which may 
be thus diftinguifiied, vm. nitre of filver^ called lunar cryflals^ 
mitre of kadt nitre j/ mercur^^ 8cc. The acid a6ts in general 
powerfully upon all metallic fubftances, but with remarkable 
differences, depending on the peculiar natures of the metals. 
It diflblvea zinc, iron, copper, bifmuth, lead, mercury, and 
filver, the moft readily of all the acids ; tin it diffolves im- 
perfe6tly ; regulua of antimony it only corrodes ; gfold and 
phtina cannot be diffolved by nitrous acid alone, without 
the concurrence of marine acid. 
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Nitre, Nitred. Sec Nitrum If stratum. 

Nitre, Purified, See Nitrum Purifleatum. 

Nitre, ^rit of. See Spirit. 

Nitre, Troches of are made by grinding one part of the 
purified fait with three parts of fine fugar, and making up 
the mixture with mucilage of gum tragacanth. 

Nitre, Vegetating. See Nitrum Vegetans. 

Nitre, Vitriolated. See Nitrum Vitriolatum. 

NITRIC Acid, in Chemi/lrVf fo called by the French 
chemifts in 1787, is a compound of great value in the hands 
of the analytical cheinift. Although this acid may be 
formed fynthetically, in very fmall quantity, by paffing 
clcAric fparks, in quick focceffion, through a mixture of 
oxygen and nitrogen gafes, it is, for all ufeful purpofes, 
obtained from nitre (nitrat of potafh). It appears firft to 
have been procured from this fubftance by Raymond Lully 
in the 13th century, by di Hilling it from a mixture of nitre 
and clay. This method is dill praAifed in fome manu- 
faftories, but it is more generally procured by decompofing 
the nitre by means of fulphuric acid, a procefs firft difeovered 
by Glauber. 

Into a glafs retort put two parts of nitre and one of 
fulphuric acid, of the fpecific gravity of i .85. A capacious 
quelled receiver is now to be luted to the retort : the beat 
of a lamp or a fand-bath muft then be gently applied. 
The nitric acid foon bcgi.is to be evolved, which con- 
denfes in the neck of the retort, and runs into the receiver, 
of a pale yellow colour. As the heat is increafed, yellow 
fumes arile, and the vapour becomes more difficultly con- 
denfed. In this ftage of the procefs fome of the acid is 
decompofed into nitrous gas and oxygen gas. Thefe elaftic 
fluids render the quelled receiver, or a tube of fafety, bjgbly 
neceftary. The laft portion of acid is not brought oft till 
the heat has been railed almoft to rednefs. 

The liouid obtained by this procefs was called by the 
old chemifts fpirit of nitre, and aquafortis. It is of a deep 
yellow or orange colour, and confifts, if the materials cm- 
ployed be pure, of nitric acid mixed with nitrOus gas, to 
which it owes its yellow colour ; as when this gas is ex- 
pelled by heat the acid becomes colourlefi as water. 

In the large way, and for the purpofes of the arts, 
this acid is made in extremely thick caft iron or earthen 
retorts, to which an earthen head is adapted, and con- 
nedled with a range of proper condenfers. The ftrength 
of the acid is vaned by putting more or lefs water in the 
receivers. The nitric acid, thus made, generally con- 
tains fulphuric acid, and muriatic acid from the impurity 
of the nitrat employed. If the former, a folution of nitrat 
of barytes will occafion a white precipitate : if the latter, 
nitrat of filver will render it milky. The fulphuric acid 
may be feparated by a fecond diftillation from very pure 
nitre, equal in weight to an eighth of that originally em- 
ployed ; or by precipitating with nitrat of barytes, decant* 
ing the clear liquid, and dtftilling it. The muriatic add 
may be feparated by proceeding in the fame way with nitrat 
of filver, or with litharge, decanting the clear liauor, and 
re-diftilling it, leaving an eighth or tenth part in the retort. 
The acid for the laft proeds (hould be condenfed as much 
as poftible, and the re-diftillation conduced very ilowljr ; 
and if it be ftopped when half is come over, beautiful 
cryftals of muriat of lead will be obtained on cooling the 
remainder, if litharge be ufed. Other methods are men- 
tioned for the obtaining aquafortis or nitric acid. The foU 
lowing, which differs but little from that of Glauber, is given 
by fir Humphrey Davy in his Elements of Chemical Phi* 
lofophy. It is,*’ he fays, procured, for the puri^fe of 
chemiftry, by the diftillation of nitre and oil of vitriol: 
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about two parts of nitre fliould be ufed to one part of oil of 
vitriolt and the retort heated in a fand-bath conneded with 
a receiver kept cool by moiftened cloths. This acid, thus 
obtained, is (ifually^ coloured, but becomes pale by expofure 
to air. If the nitre be dry, its fpecific gravity is from 
i.ca to 1.55. This fubftance afts with great violence on 
all metals anciently Jtnown, excepting golfand platina, and 
it caufes volatile oils to inflame. When it is pafTed through 
a porcehin tube heated to rednefs, oxygen is given off, and 
nitrous acid gas ; and the fame effed is produced upon the 
refidual acid, as if it had been mixed with water ; fo that 
It is proved to be compofed of nitrous acid gas, oxygen of 
water : and four in volume of nitrous gas, and two of 
oxygen gas condenfed in water, I find abforb one in volume 
of oxygen to become nitric acid.” He further adds, that 
from ms own experiments, compared with thofe of Kirwan, 
Wenzel, and Berthollet, he thinks that the ftrongell acids 
contain from 14 to 15 per cent, of water, and, according 
to the principles of the French nomenclature, they ought 
to be called nitro-nitric acids. Aquafortis, or hydro-nitric 
acid, when its fpecific gravity is below i 4, ftrengthens by 
being boiled : when (Ironger than 1 .45, it becomes weaker 
by boiling. 

The nitre of commerce frequently contains fome mu- 
riatic falts, which being decompofed by the fulphuric, in 
common with the nitre, the muriatic acid comes over mixed 
with the nitric. If an excefs of fulphunc acid be em- 
ployed, and the heat be very great, the latter, more or lefs, 
18 frequently diftilled over, fo that nitric acid is often conta- 
minated with fulphuric and muriatic acids. The prefence 
of the muriatic acid may be heft avoided by carefully cryftal- 
lizlng th/nitre to be employed. If at laft it (hould flill 
contain a little muriatic acid, it may be feparated by nitrat 
of filver. The fulphuric acid may be feparated by re-dif- 
tilling from a litharge, or barytes fufficient to faturate all 
the fulphuric acid. After the nitrous gas has been expelled 
by heat, the acid may be deemed pure. In this (late it is 
TCrfeftly colourlefs, and of a flrong acid tafte, which, when 
diluted with water, is not unplealant. It fliould be kept 
in a bottle coated on the outlide with black varnifh, or 
in a dark place. When it is expofed to the light, oxygen 
gas is difeng^ged, and the nitrous gas which is liberated 
tinges it of a yellow colour. 

when expofed to the air it appears to exhale white fumes. 
This is occafioned by the great attra6tion of the acid for 
the moifture of the atmofphere. 

To all animal fubdances it gives a beautiful yellow tinge. 

The ftropg^ft acid yet produced is not of greater fpecific 
gravity than 1.62. Mr. Dalton informs us, that when its 
fpecific gravity is 1.42, it boils at 248^ of Fahrenheit. If 
it be ftronger, the acid is diftilled off ; and if weaker, the 
water, till it comes to the above maximum, li corrodes 
animal and vegetable fubftances very fpeedilj, and the latter 
in the greateff degree. The yellow colour it gives to them, 
excepting fubftances containing albumen, is not produced 
but when the acid is very ftrong, and aflifted by neat. If 
it be added to the efleqtial oils, they fpcedily inflame, leaving 
behind a fpongy coal. When it is poured upon powdered 
charcoal, very dry, it takes fire. The fame effeds take place 
with fulpbur and phofphorus, at a certain temperature. 

^ It is decompofed by the metals, excepting gold, pla- 
tina, and titanium : hence it is an important agent in* 
chemiftry for oxydating moft of thefe fubftances. Many 
of the metals, fuch as zinc, iron, tin, &c. take the whole of 
the oxygen from it, while nitrogen alone is difengaged. 
Others the metals, fuch as filver, mercury, copper, &c. 


deprive it of only one atom of oxygen, the nitrous gas being 
fet free, producing red fumes with the prefence of oxygen. 
When it is poured on zinc, tin, or bifmuth, in a ftate of 
fufion, inflammation takes place. The fame effeft takes 
place in the cold when the metals are in fine powder. 

Nitric acid, as has been deferibed, is not to be regarded 
as the real acid, but* a compound of real acid and water. 
The determination of real acid, in a given quantity of the 
liquid, has much engaged the attention of chemifts. We 
are indebted to Kirwan, Davy, Bertholiet, and Dalton, 
for refearches on this fubjefl. The experiments of the firft 
and laft of 'thefe chemifts appear to come neareft the truth. 

Mr. Kirwan deprived fome carbonat of foda of its water 
of cryftallization ; 367 grains of a folution of this fait con* 
tained 50.05: grains. This was faturated w^ith 147 grains 
of nitric acid, of the fpecific gravity of 1.2754, equal, as he 
had afcerlairied, to 67.179 grains, of the fpecific gravity 
1.5543, which he made his ftandard. The carbonic acid 
evolved by adding nitric aCid was 14 grains. To this folu* 
tion be added 939 grains of water, which reduced it to the 
fpecific gravity 1.0401, at the temperature of the 

whole folution weighing 1439 grains. He next prepared 
a folution of nitrat of foda, of the fpecific gravity of 1.0401, 
and found that the fait, in 1439 ^'‘rins of this lolution, was 

— — of the whole; therefore = 80.142 grains of 

16.901 16.901 J T o 

nitrat of foda. Now, the 50.05 — 14 = 36.05 gr. is the 
weight of the alkali. The acid, therefore, will be 8^.142 
— 3605 = 49.092 grains; but the acid of 1.5543 weighed 
67.179 grains; coniequently 67.179 — 49093 ;=3 18.087 
will be the water contained 11167. 179 of acid, of 15543 
fpecific gravity, which is equal to 26.9 per cent. Hence 100 
parts of nitric acid of i.5543> confilts of 73,1 of real acid, 
and 26.9 of water. 

Dalton has made a num'ber of fimilar experiments, which 
ftrongly confirm the conclufions of Kirwan, the greateft: 
difference between them being no more than 1.4 per cent in 
the quantity of real acid. The following is a table given 
by Dalton. The column of real acid is taken from Kirwan, 
with trifling corrections ; in wd'ich he has alfo given a co- 
lumn for the quantity of real acid by meafure, and another 
fhewing the number of atoms of acid and water. 


Atoms. 

Acict per 
rmi. by 
Meafure. 

Acid per 
teril, by 
Wei^rht. 
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84.7 
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3»-3 

1.26 
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7 
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1.20 
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1 
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i + n 
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1 
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The firft column of this table Ihews the number of atoms 
<of acid and water, in which it appears, that when the com- 
pound is 1 atom of acid to i of water, the liquid acid con> 
tains 72.5 of real acid, and 27.5 of water by weight, and 
the fame by meafure will be 1 12 acid : this laft is governed 
by the fpecific gravity, which is i .54. The boiling point 
of this ftrength being at 175®, it will be feen that the 
maximum of the boiling point is at 248 ' : when the liquid 
acid confids of i atom of real acid to 2 of water, the 
fpecific gravity being 1.42, and the real acid 54.4 per re«/. 
The acid, free from w’ater, if its exiflence in the liquid form 
be poflible, Mr. Dalton fuppofes would be as volatile as 
;ether. It appears that the acid of 1.42 is the befl ilrength 
to remain permanent, fince, according to the experiments of 
this ingenious chemift, the acid and water are fo nearly 
balanced in their affinities as to evaporate together. The 
acid or the water will therefore be apt to evaporate, as 
the real acid or water may be in cxcefs above this 
point, which may be denominated the point of mutual fatu- 
ration. 

The acid of this ftrength has very curious properties, on 
which Dalton makes fome ingenious obfervations. Prouft 
has ftated, that an acid of the ftrength of 1.48 gives no more 
effcrvefcence with tin than it docs with fand. When metals, 
which produce ammonia, are adled upon by nitric acid ; 
thefe, I fuppofe, are fuch as decompofc both the water and 
acid, taking all the oxygen from both. The metal, under 
this circumftance, combines with 3 atoms of oxygen, 
while the nitrogen and the hydrogen form ammonia. If the 
acid conlifted of i of real acid to 2 of water, an atom 
of water would be fet free, wliich would dilute the remaining 
acid, and thus facilitate the procefs. If, however, the acid 
and water were as 2 to 3, then an atom of nitric acid, and an 
atom of water, would be afforded to the atom of ammonia, 
forming an atom of nitrat of ammonia. I'he remaining 
acid and water would juft be reduced to i of acid to 2 
of water. At this point, and below it, effcrvefcence would 
.lake place ; but in the inftance with 2 of acid to 3 of 
water, all the produfts will be difpofed of in forming nitrat 
of ammonia, and reducing the acid to the ftrength of i of 
acid to 2 of water, during which change no clfervefcencc 
will take place. This view of the fubjew is very ingenious, 
and fully explains the phenomena attendant on the oxy- 
dutioij of thofe metals w'hich caufe the formation of am- 
monia. 

The acid of i of acid to 3 of water, has no ftnking 
properties. That which confiits of i to 4, Mr. Dalton is 
«)f opinion, is that which freezes at — 2" of F'ahrenheit. 
Mr. 'Dalton, and previous to him, fir Humphrey Davy, 
have attempted to procure nitric acid in the gafeous form, 
by combining nitric oxyd (nitrous gas) with oxygen, hut 
their refults have not been attended with fuccefs. This 
appears to arife from the uncertainly in the combination of 
nitric oxyd gas with oxygen gas, especially when water is 
not prefent. It appears, from the experiments of Mr. 
Dalton, that nitric oxyd will combine with oxygen in any 
proportions between 1.3 and 3.6 of the oxyd Jo i of oxygen. 
This apparent anomaly to the dodrine of definite propor- 
tion is very ingenioufly explained by the above-mentioned 
chemift. When the nitric oxyd is to oxygen as 3.6 to i, 
the oxygen combines with one-half of the nitric oxyd, 
f^orming nitric acid, which combines afterwards with the 
other half to form nitrous acid, or the fuming and coloured 
nitric acid. When, on the other hand, 1 of oxygen com- 
bines with 1.3 of nitrous oxyd, in which. the minimum of the 
latter cxifts, a compound is formed, which, according to the 
opinion of Mr. Dalton, confifts of i atom of nitrogen with 
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3 of oxygen, and which he has denominated the oxynitrie 
acid. The firft of thefe combinations is favoured by uling 
a veffel which gives a (hort column of great diameter, ana 
in which the change is quick. The fecond combination^ in 
which the oxygen is in excefs, is facilitated by the change 
being flow, which is effe6ied by ufing a long tube of fmall 
diameter. A tube of an intermediate fize being employed 
when the gafes are r of oxygen to 1.8 of nitric oxyd by 
meafure, the nitric acid will be formed by the union of the 
two gafes. It is the opinion of this diftinguiflied chemift, 
that if the gafes, even in exaft proportions to form nitric 
acid, be mixed in a dry veffel, that all the compounds, 
namely, nitrous acid, nitric acid, and oxynitrie acid, may 
cxift, which, when water is introduced, may fo aft upon 
each other, as to form nitric acid. Thefe fafts, with the 
reafoning refulting from the fame, feem to baffle all attempts 
to obtain nitric acid in a free ftate. Mr. Dalton, after much 
care and attention, has given the means to determine the 
component parts of the nitric acid. If, as he feems fully 
to have eftabliflied, the atom of nitrogen be and the acid 
be conftituted by i atom of nitrogen to 2 of oxygen, the 
proportions will be 14 of oxygen to 5 of nitrogen, and the 
weight of the atom of acid will be 19. For the colouring 
of fuming nitric acid, fee Nitrous MJ; fee alfo Nitric 
OxyJ, and Nitrous Oxy//. The combinations of nitric acid 
with the different falinc bales, are called nitrats* 

Nitric, and Nitrous Add, in the Materia Mediea. 
The nitric acid of the London Pharmacopeia is prepared by 
mixing nitrat of potafh dried and fulphuric acid, of each two 
pounds, in a glafs retort ; and diftilling the nitric acid from 
a fand-bath, until red vapours arc produced ; then add an 
ounce of dried nitrat of potalh, and rc-diftil the acid in a 
fimilar manner. The fpecific gravity of this acid is to that 
of diftilled water as i . 500 to i .000. I f a piece of lime- ftone 
be immerfed in a fluid-ounce of it diluted with water, feven 
drams ought to be diflblved. According to the direftions 
of the Edinburgh Pharmacopeia, any quantity of nitrous 
acid is put into a retort, and having fitted a receiver, a very 
gentle heat is applied until the reddeil part (hall have paffed 
over, and the acid which remains in the retort have become 
nitric acid. The nitrouj acid of tlie Edinburgh Pharma- 
copeia is prepared by pouring fixteen ounces of fulphuric 
acid upon two pounds of bruifcd nitrat of potafh in a glafs 
retort, and diftilling from a fand-bath, with a gradually 
augmented heal, until the iron pot becomes obfeurely red- 
hot. The fpeqific gravity of this acid is to that of diftilied 
water as 1.550 to i.ooo. The Dublin Pharmacopeia orders 
fix pounds 0/ nitrat of kali to be mixed with four pounds 
by weight of fulphuric acid, and then diftilled until the 
'refidue becomes dry. The fpecific gravity of this acid is to 
that of diftilled water as 1.50010 i.ooo. 

In performing thefe operations, it is advifable to ufe 
Woulfe's apparatus, or a range of ttvo or three globular 
receivers, the laft of which fliould contain a fmall portion of 
water. In order to prevent the nitrous oxyd from com- 
bining with the condenfed acid in the receiver, deepening 
its emour, and giving it that form which conftitutes nitrous 
acid, the London College orders a large portion of fulphuric 
acid to be employed, which ferves to contribute a fuffleient 
portion of water for preferving the conftitution of the nitric 
acid ; for, although a large proportion of this acid be ob- 
tained by following the direftions of the London formula, 
yet It is aftually weaker than that which is obtained either 
by the Edinburgh or the Dublin procefles. The Edin- 
burgh College orders the acid to be kept in this form ; and 
as a medical agent it anfwers the fame purpofes as the colour- 
iefs acid ; for, when both are diluted with water, they have 
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the fame appearance, and arc brou^rlit to the fame ftate, 
the addition of the water expcllin" completely the nitrous 
oxyd, which is loofely united with the nitric acid to form 
the nitrous. The quantity of acid obtained is about half 
the weight of the nitrat employed : and the refidue is a 
white, ipon^y, faline cake of fulphat of potafh, with an 
excefs of fiilphuric acid, which may be dilfolved out of the 
rcttirt by h water. By the I.ondou procefs, the nitric 
acid IS at fu ll obtained tolerably free from nitrous oxyd; but 
in fyencal the rc-di(lillatiot] will be found necefl’ary. In the 
expulfioTi of the nitric oxyd, to change the nitrous into 
nitric acid, according to the dirc^UonB of the Edinburgh 
College, a portion of the acid is carried over with the gas, 
as nitrous acid vapour : tliis Ihould not be walled, but be 
condenfed by a fmall portion of water being put into the 
receiver, and thus form a diluted acid. Mr. Murray (Mat. 
Med.) jufllv obferves, that the heat of a water-balh is beft 
adapted for this operation, being fufficieiit for the purpofe, 
and not loo hi^h to produce the decompofition of the 
acid. A completely colourlefs acid, however, is not 
obtained, iinlefs the acid be re-dillilled from a frnall por- 
tion of b’ack oxyd of manganefe ; but this is not necef- 
fary for medical piirpofes. The contaminations of nitric 
acid by muriatic or fulphuric acid do not atFc6l its medi- 
cinal virtues. 

Nitrous acid, as the term is underftood in the Edinburgh 
Pharmacopeia, is a yellow or orange-coloured fluid, emit- 
ting, when expo fed to the air, deep orange-coloured ex- 
tremely fuflbeating fumes With regard to its chemical 
affinities and other qualities, it agrees in every refpcA with 
nitric acid. It confills of nitric oxyd loofely combined with 
nitiic acid and water. 

A Uric acid is a colourlefs, or very pale yellow, limpid 
fluid, emitting, when expofed to the air, white fiiffocating 
vapours, and pofTcfling llroiig acid properties. It is highly 
corrofive, and tinges the Ikiii yellow, which remains till the 
epidermis is peeled oif. It unites with water in every pro- 
portion, and w'hile mixing heat is evolved. See the articles 
Nitric and Nitrous Acidy fupra. 

Strong fluid nitric acid is ufed only for pharmaceutical 
purpofes ; except when extricated in the form of vapour, it 
is employed for dcilroying contagion. It is lefs powerful 
than the oxymuriatic acid, but is more generally ufeful, as 
it can be extricated in the chambers of the lick without 
proving delercrious to animal life. For this purpofe, fsij of 
fulphuric acid may be poured over 5iv of coarfely powdered 
nitre in a china cup, and placed in a pipkin of hot fand. 
This quantity is fufficient for fumigating a room that is ten 
feet fquare ; and where a larger portion is required, it is 
more advifable to multiply the number of pipkins than to 
put a larger quantity of the materials into one veflel. The 
officinal preparations of nitric acid are the following, vis. 
Acidumnitricum diliitum, L.E.D.; Oxydum antimoiiii,L.; 
Argenti nitras, L. D. ; Liquor ferri alkalini, L. ; Ung. 
hydrargyri nitralis, L. E. D. ; Hydrarjjyri nitricum oxy- 
dum, L. ; Spiritus aethcris nitrici, L. E. D.; Unguentum 
acidi nitrofi, E. D. 

The diluted nitric acid, L., is prepared by mixing 
a fluid-ounce of nitric acid with nine fluid-ounces of 
difUlied water. For that of E, take equal weights of 
nitrous acid and mix them, avoiding the noxious vapours. 
For that of D. take of nitrous acid and diiiilled water 
of each one pound. The fpecifle gravity of this mix- 
ture is to that of diiiilled water as 1280 to xooo. When 
the diluted add is prepaied according to the diredions of 
the London College, f^i contains about grs. x of nitric acid> 
of 1.500 fpecifle gravity, while the fame meafure of the 
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fame acid, prepared after the Edinburgh and Dublin, and 
the former London formulae, contains grs. xxxv of the fame 
acid ; a diflercnce, which, as it may lead to errors in prac 
tice, is to be regretted. 

Nitric acid is tonic and antifcptic. When largely diluted 
with water, it forms an agreeable and ufeful beverage in 
fevers, particularly of the typhoid type. In larger dofes, 
lefs diluted, it has been adminidered with cffedl in chronic 
hepatitis, even when dropfy has fupervened ; and ir has alfo 
been ferviceable in reftraining violent fickncfs, indyfpcpfia, 
afthma, and the greater number of cachexiie. From ohfer- 
fervations of Mr. Scott, publiflicd at Bombay in this 

acid excited attention as a remedy for fy^ihilis ; but after 
the mod ample trials, by almod every praditioncr of emi- 
nence ill the country, its antifyphilitic powers have not been 
found to correfpond to tiie accounts of tliofe tranfmitted 
from India. Although it gives a tempora-y check to the 
progrefs of the difeale, it docs not permanently remove the 
fymptoms ; and, as Mr. Pearfon jiidly obferves, it would 
by no means he warrantable to fubditute the nitrous (or 
nitric) acid in the place of mercury, for the cure of vene- 
real complaints. It has been found, liowcver, of confider- 
able fervicc when given at the fame time with mercury, in 
old obdiiiHie ulcerations of the legs, although no venereal 
taint could he fufpcwlcd ; and it is employed with benefit 
as a local dimiilant in tlie form of lotion, in the propor- 
tion of f3ij of the acid to oj ol water, to foetid ulcers, 
attended with a thin ichorous difcharge, and in caries of the 
bonesv In India it is fometimes ufed in the form of a bath, 
and in this date produces the fame efl’eds as when it is taken 
internally. The dofe of the diluted acid is from m x to 
ra XXX in f ;iij of water, given three or four times a day. 
Its officinal preparations arc, Aceti hydrargyri, E. D. ; 
Submurias hydrargyri praccipitatus, E. D. ; Submurias 
hydrar^ri aminoniatiis, D. ; Oxydum hydrargyri cine 
reum, E, D. ; Oxydum hydrargyri rubrum, E. D. Sec 
Mkiicurv. Thomfon’s Lond. Difpenfatory, 1811. 

Nitric Oxydy in Chemiflry. This fubftance, like the nitric 
acid, is a compound of nitrogen with oxygen : the former 
being formed of i atom of nitrogen to 2 of oxygen, the 
latter i to i. 

Several of the metals, as filver, mercury, and copper, 
when added to the nitric acid, deprive it of i atom of 
oxygen only. The remainder, which is i to 1, efcapes in 
the form of gas. This gas has been formerly called nitrous 
gas ; but, according to the prefent Hate of chemical nomen- 
clature, It IS called nitric oxyd. 

To procure nitric oxyd, introduce fmall bits of copper 
into a gas bottle, or a fmall retort, upon which pour nitric 
acid of the fpecifle gravity 1.2. Let the procefs go on a 
little, the mouth of the retort being under water, or mer- 
cury, before the gas is colledted. This ferves to difplace 
the air of the retort. The gas, which is now obtained, will 
be colourlefs as common air. In this procefs, an atom of. 
copper decompofiei two atoms of nitric acid, taking an atom 
from each to form the fecond oxyd of copper. This oxyd 
then combines with two other atoms of acid, to form nitrat 
of copper. The two atoms of nitric oxyd, refulting from 
the decompofed acid, would be abforbed by the remaining 
acid, if a fufficient quantity were prefent; by which it 
would acquire, flril, a yellow colour ; a deep orange, as it 
incrcafes; next, a greeny and ultimately, a biueifh tint. 
For the better obfervance of thefe ihades of colour, fllver 
ffiould be employed in Head of copper ; flnee the folutiont of 
copper in any acid are of green colour. When, however, 
the excefs of acid is not great in producing nitric oxyd, a 
great proportion of this gas is evolved. For common put- 
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pofcs, it may be colleftcd over water, which abforbs only 
about ^*^th of its bulk : on fome occafions, however, it is 
neceflary to colleft it over mercury. 

Nitric oxyd may be feparated from other gafes, by means 
of folutions of iron with the black oxyd. The liquid, by 
agitation, foon abforbs all the nitric oxyd, without af- 
fefting any other gas that might exift with it. This fur- 
nifhes an eafy method of afeertaining the purity of nitric 
oxyd. The abforbed gas may be feparated unchanged by 
heat. 

When the nitric oxyd is mixed with oxygen, or is brought 
in contaft with the atmofphcre, red fames immediately ap- 
pear, which are of greater denlity than common air. This 
IS called nitrous acid gas. 

The fpecific gravity of nitric oxyd is to common air, ac- 
cording to Kirwan, as i to 1.19; but Davy, who is nearer 
the truth, makes it 1.102. If hydrogen be equal to 1, and 
100 cubic inches weigh 2.5 grains, then the nitric oxyd will 
be 13, and 100 cubic inches of it will weigh 32.C grains. 

When a lighted taper, or fulphur in a Itate ot inflamma- 
tion, are immerfed in this gas, the flame becomes extin- 
guifhed ; but phofphorits and charcoal, when once kindled, 
burn in it, and confequen'ly deprive it of its oxygen. 

Several of the metals, fuch as arfeuic and zinc, when 
heated in this gas, deprive it of its oxygen ; the refidual gas 
being nitrogen. 

Other bodies take away only part of its oxygen : of thefe 
are the alkaline fiilphurel8» the muriatic folution of tin, and 
feveral of the fulphats. For thefe fafta vve are indebted to 
fir Humphrey Davy. The rcfulting gas is the nitrous 
oxyd, which it? compofed, according to Dalton, of one atom 
of oxygen to two of nitrogen. In this procefs, an atom of 
nitric oxyd gas gives up an atom of oxygen, which combines 
with the dccompofing body ; while the defert'»d atom of 
nitrogen combines with an atom of nitrous gas, forming 
nitrous oxyd. This mod clearly (hews why the atom of 
nitrous oxyd (hould be heavier than an atom of nitric oxyd. 
The latter atom is conftituted by t toi = J-f7:=:i2; 
the former of i of oxygen 10 2 of nitrogen, or 7 -f 2 x J 
= 17. Sir Humphrey Davy, notwithlUnding this corro- 
borating fad, confiders nitrous oxyd as l of oxygen to 
I of nitrogen ; by doing which, the nitric acid is made to 
confift of I of nitrogen to 5 of oxygen ; a thing very im- 
probable between two bodies having fo little affinity for 
each other. 

When nitiic oxy<l is afted upon by eledricity, an atom 
of oxygen is liberated from one rtom of the pas, and given 
to another, till the whole is divided into nitric acid and ni- 
trogen. In other words, one-half of the gas gives its 
oxygen Xo the other half. By this change, if the original 


volume be 1, the refulting volume will be \ x 


^3 

12.12; 
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When nitric oxyd is mixed with hydrogen, it does not 
explode by the eledric fpark. It is, however, faid to dc- 
tonatc, when pafled through a red-hot porcelain tube; the 
refult being water and nitrogen. The relative volume of 
thefe gafes, to produce this refult, will be 13 of hydrogen 
and 12 of nitrogen. 

We arc indebted to Dr. Henry tor the tatt ot nitric oxyd 
being decompofed by ammonia. For this purpofe, the two 
gafes are to be put into the ftrong tube, called Volta's cudio- 
meter, and the eleftric fpark palTed through them. When 
the nitric cKyd is in cxcefs, the refult is nitrogen, water, 
and a little nitric acid; when the ammonia predoihinatet, 
then nitrogen, water, and hydrogen are produced. 

From the great facility with which the nitric oxyd com- 
bines with oxygen, it has been employed to afeertain the 
quantity of oxygen mixed v;ith other gafes. There is, 
however, fomc uncertainty in this method, in confequcncc 
of feveral compounds being formed by oxygen and nitric 
oxyd- Dalton recommends an excefs of the latter to be 
uf(W, in order to prevent the ambiguity above mentioned, 
and afterwards to take up the excefs with a folution of the 
green fulphat of iron. 

When nitric oxyd is mixed with oxymuriatic acid gas, a 
fudden decreafe of volume takes place, from the muriatic 
acid and nitric acid being formed, both of which become 
liquid. This eiTi‘ 61 , however, does not take place, if the 
gafes be perfeftly dry, and the veffels free from moif- 
ture. 

Since an atom of nitric oxyd confifts of i of nitrogen 
to I of oxygen, the weight of its atom will be 5 -p 7 =: la ; 
the nitric acid, being i of nitrogen to 2 of oxygen, will be 
5 + 2 X T 17; hence the proportions of oxygen and 
nitric oxyd to form nitric acid will be 7 to 12. In mixiag 
this with other gafes, where mutual aAion takes place, the 
proportion by weight will be as the weights of their atoms. 
Their proportions by volume will be obtained, by multi- 
plying the ratio of their weights by the united ratio of their 
fpecihe gravities; the latter ratio will be eafily expreffed, 
by making the fpccific gravity of hydrogen gas unity. If, 
for inftance, nitric oxyd be mixed with hydrogen, to be 
pafled through a red-hot porcelain tube, the proportion by 
weight will be 12 of the oxyd to 1 of hydrogen, there* 

lative weights of their atoms, and ,ori2 

J *3 *3 

of nitric oxyd by mcafurc to 13 of hydrogen. Ammonia 
6 12 12 

and nitric oxyd will be — x , or 12 by vo« 

12 7.5 15 ^ ' 

luine of ammonia to 15 of nitric acid. 


a little more than half. 
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Oblique Arches, Whenever high roads run oblique to the 
coBrfe of any river, rivulet, drain, or canal, necelTary to 
be pafled over by a brid<re, the direilion of the former is 
generally varied fo as to be rectangular to the courfe of the 
latter ; unlefsin fmall flreams, over which, when their courfe 
is not made to fuit the road, there are feveral in (lances of 
the conftruCtion of what are tifiially termed Jhezu ‘bridges, 
Thcfe, with the exceptions which will be afterwards men- 
tioned, have been built in the ufual manner of laying each 
courfe of (lones or bricks of the arch parallel to the line of 
the abutment, and bevelling off their ends, on each exterior 
face of the arch, in a line correfpondent with the intended 
direflion of the road over the bridge, as Hiewn in i. 
In this figure it is obvious, that fo far as one abutment of 
the bridge extends beyond the re6f angular line from the 
extremity of the other, fuch a portion of arch, via:, a b^ 
has no lupport from the oppofite abutment, unlefs what 
may be derived from the intcrlapping or breaking joint of 
the bricks or (tones compofing the arch ; and from the good- 
nefs of the mortar, tending to cement them into one mafs : 
therefore, accordingly as thefe circumftatices have operated, 
and alfo in proportion to the fmallnefs of the arch, in which 
the parapet covers a larger ratio of the unfupported part of 
it, the ikew-bridges thus built have flood more or kfs hrm, 
with an obliquity of lo^ to from a rcAangle with the 
abutment ; and in many inllancesS, that portion of the arch 
has cracked or given way. Thcfe circumltances have pre- 
vented cautious builders from adopting this method ; and 
induced them, in a few in (lances, to build the arch fquare to 
its abutments, and run the parapets oblique, to coincide 
with the line of road ; leaving alternate triangles of the arch 
on the outfide, which has a difagreeable appearance, and has 
feldom been ufed ; therefore, in general, unlefs the courfes 
of ftreams or canals were made rediaiigular to the road, the 
tine of the latter has been altered fo as to admit of a dire6l 
pafTage over the water, which upon high roads, when not 
carved for a confidcrable diftance, is inconvenient if not 
dangerous ; and particularly fo to travellers in the night time ; 
from which caufethc (kew-bndges deferibed were, with all their 
imperfe^ions, occafionally had recourfe to ; and the writer of 
this article has never heard of any alteration in their form prior 
to the year 1787. At this time he had the direction of the 
county of Kildare canal, a branch from the Grand Canal of 
Ireland to the town of Naas. 

In the courfe of condu6ling the work, feveral of the directors 
of that canal were anxious to nave the line of the roads unvaried ; 
therefore our author was led to confider whether the ufual 
imperfed method could not be fei afide, by the fubili- 
tution of one on found principlci % and it then occurred that 
its leading feature muft be, that the joints of the voifToirs, 
whether of brick or (lone, fhould be re6langular whh the 
face of the oblique arch, in place of parallel w'lth its abut- 
ment ; and, confequently, the bridges over the county of 
Kildare canal were made to fuit the line of road, although 
the obliquity of one of them was earned to an extent beyond, 
what he deemed eligible in pradice, as will appeal^ from tho 
obfervations made on Finlay bridge, near the town of 


Naas, which deviated 51° from a redangle with the canal, 
and confequently formed the acute angle of 39^ with its 
abutments. Its fpan, in that oblique diredion, w'as 25 feet, 
and its pitch c feet 6 inches, or nearly fths of its fpan. The 
plan of this bridge is given 2, and in^. 3. the eleva- 

tion of its arch, more to (hew the extent to which it has 
been carried than to recommend its propriety ; principally 
becaufe of the difficulty of forming the voifToirs of the im- 
poft courfe ; and alfo, becaufe to retain the fame breadth of 
roadway, the bridge mu(l be enlarged 'as the fecant of the 
angle of obliquity is to radius, viz, as o ^ to a c, which in 
the prefent initance is as 159^10 100® ; likewife, for general 
purpofes, one brea(l-wall on each fide mull be confiderably 
extended to coincide with its oppolite one, or nearly fo ; alfo, 
the impofi courfe mull be ferrated, as fheWn in the explana- 
tion of Jig, 8 ; and as the lines, in which the beds of the 
voifToirs run. are obvioufly fpiral lines, it follows that the 
foffit of each (lone muft be curved in that diredion, and 
likewife it muft be twifted in its fommering, which, although 
not infuperable difficulties, are fo in fuch a degree, as, com- 
bined with the indented form of the impoft, to render it 
advifable to ufe bricks, both for the impoft and arch, or at 
moft to be contented with the ufe of Hone only for the 
quoins and their neceffary impofts, in the forming of which 
intelligent ftone-cutters will be requifite, as will appear from 
J^g‘ 3» where a part both of the intrados and extrados of 
the arch is (hewn as viewed from an infinite diftance, not 
being reduced in perfpedive. It is there apparent that the 
head of each voifToir on that fide of the arch where its face 
forms an acute angle with its abutment, muft make an ob- 
tufe angle with its foffit, decreafing in their approach to 
the crown of the arch, and thenceforward becoming acute, 
and increafing as they advance to the oilier impoft, 
wheie the face of the arch forms an obtufe angle with its 
abutment ; therefore the different fides of the fame voifToir 
muft form different angles of elevation or depreffion from 
the re£langle with its head. 

A geometric mode of forming each voifToir would be 
complicated, as will appear from the following diagrams, n>i%. 
let tne lines ah^hd^ and d r, in the diagram,^. 4, include a 
portion of the fpace to be covered by the arch, a h and e^/being 
the lines of its abutments : then let the diftance intercepted 
between dh^ and its parallel line which likewife extends 
between the abutments, exprefs the extent to be covered by 
any given number of the voifToirs forming that portion of 
the Toffit, fuppofe every alternate ,one let the circular 
arcs raifed upon each of thefe lines exprefs the elevation 
of the arch at each place refpedively ; u and v will then 
fhew the crowns of their fofits. The Hne / /, drawn at 
right angles with the face of the arch, and with its refpec* 
live extremities equidiftaht from the points ti and will re- 
prefent a joint on the foffit, which muft necelTarily be hori- 
zontal at its extremities ; becaufe equidiftant from the crown, 
of each arc, although on alternate fides; then if equal 
fpaces on each fide of the point, /, be let off on each 
refpeftive arc, it will Ihew upon each where the joints of 
the fame voifToirs will coincide. Four of thefe fpaces in the 
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arc Jubf which reprefentB the front of the arch, reach 
from t to dt viz. to the abutment on the fide, where it forms 
an obtufe angle with that front, whilft the fame number of 
fimilar fpaces in the Hie direSion extend only from t to 4, in 
the arc vy^ reprefenting the internal end or extreme extent 
of the voiffoirs feen on the face of the arch. The fame cir- 
cumftances are reverfed on the fide where the front forms an 
acute angle with the abutment, as fiiewn by the fimilar 
references on the other fide of^/ : confequently the joint 4, 
in front of the arch, will fall into the impofl at y on the 
rear line. The radiating lines rifing above each arc, drawn 
from their refpeftive centres h and g, fhew the twift or 
different fommering lines at each extremity of the fame 
joint : the difference of tliefc divergencies would be more 
clearly feen by exhibiting fimilar lines upon the arc r v s, 
which repreferits that of x v y, upon the fame level as the 
front arc d u h, preferving an equal lateral diflancc between 
them, which as it may be eafily conceived is left undone, 
becaufe they would interfere with the linrs rcquifite for the 
further explanation of the fubjeft. Tiie points, r and .r, 
upon the lalt deferibed arc, correfpond with x and y upon 
that for which it is fubftituted, every remaining letter or 
figure of reference being the fame in both. 

The vertical fpaces on the acute fide of the arch inter- 
cepted between 4 j, 3 3, kc. until they become horizontal 
at t, fhew tile proportionate deproflion of tlie foffit of the 
joints they reprefent ; and on the other fide, d to 4, on the 
lower dotted arc ; 33, 8 cc. fliew the rife on each voiffoir 
abutting on tliefe points. The horizontal bafe between the 
extremities of each joint is fiiewn by the lines cl «, c w, h i, 
See, which extend between the chords d b and from tlie 
points found by the interfedion of the ordinates from the 
correfpondent numbers of their refpedive curves. The 
horizontal bafe, h /, is the only one that is rcdangular to 
the chord of the arc ; all the other hafes diverging towards 
that abutment which forms an obtufe angle with the arch, 
and increaling towards the haunches. At the firft view' of the 
diagram they apjiear to diverge both ways, but on inveftiga- 
tion It will be feen that the letter «, on the fide of the acute 
angle, has reference to the front arc, and on the other fide 
refers to that reprefenting the inner end of each joint. 
From thefe data wc fhall proceed to fhew the longitudinal 
fedion or (ide elevation of a voiffoir at t #, and other parts of 
the arch ; k 5, correfpondent with i ktjig- 4. hut on 

a larger fcalc, exprefs the bafe of the voiffoir, and k r, its 
lieight cf face, or ivi wid^h of h^'d, wliich latter may be 
affumed to be fimilar in the others, viz. d h Jig- 4 i 

Jig. 7. The rife of the curve in the foffit between I and 
mutt obvioufly be equal to the difference between the ordi- 
nates / h and u e/jig- becaufe the crown of the arch 
fhewn by the line v u, mutt be interfeded at half-way be- 
tween /, ti the extremes of the voiffoir ; one end of tlie ttoiic 
being on that fide of the crown defeending to the left, and 
the other extremity cquidiftant on the lidc defcentling to the 
right. The breaft-wall is fhewn rifing redangular from this 
voiffoir. Fig. 6. upon the principles already explained, 
(hews on the fide where the front line of the arch makes an 
obtufe angle with its abutment, the voiffoir rifing from the 
fpringing point at d to 4, on the pollcrior arc which cor- 
refponds with its inner extremity; and Jig. 7. exhibits, on 
the fide w'hcrc the front is acute with its abutment, the bed 
of a voiffoir commencing at 4, on the front arc d u b, and 
defeending to the abutment at x, on the arc reprefenting the 
other extremity. By thefe diagrams it appears, that under 
equal widths of bed the fpace between the intrados and 
extradod increafes upon the face of the arch as the haunches 


of the arch are approached ; therefore the rough blocks for 
the voiffoirs mutt be increafed in their breadth of face to 
allow for the further divergency of their fommering lines, 
arifing from their height of face, or difference between in- 
trados and extrados, being increafed as the fecants of their 
angles of deviation from a redangle with a line betwean 
each extremity of their foffit : viz. as //a is to d i^ fig. 6, 
or 4r to 41 m^. 7. And if the twitt of the fommering 
lines be attended to, the long voiffoirs mutt have a ftiH 
greater width of block between their beds than the (hort 
ones : therefore, previoufly to the fitting each ftone to its 
individual plac e, as the work advances nothing more can 
eafily be done than giving due allowance to the nrft of thefe 
variations, wliu h will be fufficient in prai^^^tice where the arch, 
excepting its quoins, is formed of brick ; becaufe the facility 
of making the brick fiieeting break joint with the llouc 
voiffoir.s of the face, w'ill render it unneceffary to tw'itt the 
beds of the latter, and with the precaution mentioned, and 
the neceflary aid of a lievil rule w’ith a moveable joint, and 
its long arm formed of fliort jointed links to fuit the curve 
of the foflil, in the diredion of each ftone and towards the 
haunches on each joint of it, the operations of fitting each 
voiffoT to its place will not be difficult. 

Fi^. 6. fufficiently fticws the danger of the hreatt or ttice- 
wall Hiding outw'ards on the acute angles of the foffit ; 
therefore, when the obliquity of the arch is carried near to 
that of Finlay bridge, which thefe diagrams reprefent, either 
the breaft-wall ftioiild he curved, where it forms au obtufe 
angle with the *ibutnienl, or the voiffoir ftiould have offsets, 
which may be of the breadth of a brick, if the wall be built 
of that material, to form a ftop to its Hipping forw’ard, as 
fliewn by the dotted lines under it in Jig. 6. 

We fhall now point out fome anomalies from the leading 
principle, which are neceffary to be advctled to, for a due 
knowledge of the mode of conftruding oblique bridges. 

A fenueirLular arch obvioufly covers a femi- cylinder ; and 
a leffcr portion of llie arc of a circle will confequently cover 
a fimilar portion of it. If it be fuppofedj in eiihcr inftance, 
that ilu* cylindric fegment, lying horizontally on its plane, 
with its axis in the diredion of us abutments, is longer than 
neceffary for the road-way over it, in any given oblique di- 
redion ; vve then, to obtain an oblique arch, have only to 
conceive the convex face of the cylindric fegment to be cut 
dowm between two parallel vertical planes, in the diredion 
required. But this arch, from the nature of cylindric fec- 
tions, will bo cllijUic ; which is not fo eligible in pradice, 
becaufe of its quicker rife at the haunches of the arch, the 
inconveniencies of which have already been explained ; and 
they obvioufly militate not only againtt the elliptic form, but 
alio any near apj^rcacli to a femicirclc. 

We have obferved that the leading principle of thefe 
oblique arches is, lliat each courfe of voiffoir ftiould run 
redangular to the face of the arch. This, however, mutt 
be taken in a limited fenfe; becaufe if the Ihccling, of bed 
of the arch, were unfolded, or laid into a plane, its faces 
on the two extremities, hounding the paflage over it, would 
not be ftraight lines parallel to each other, like the parapet 
walls ; but would form two curved lines, each convex where 
the line of the arch is acute with the abutment, and concave 
when it approaches the other fide where the intercepted 
angle is obtufe. This irregularity neceffarily arifes from 
the circumftancc, that each front line of the fhcetiiig, mgpf 
and n h y, jig. 8, in its couric from the crown of the arch, 
in a diredion oblique to g by f the axis of the vault tranf- 
verfe to the abutments,) mult not, in its fpiral gyration 
along the furface of the cylindric fegment on each fide of 
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9 hi advance through equal ratios of the axis, in equal por- 
tions of the arc, but fimply as the refpedive horizontal bafes 
of tbefe portions : therefore its deviation from a line rec- 
tangular with the axis becomes progreflivcly lefs in its ap- 
proach to each abutment. 

The greater or lefs curvature of the two faces of the 
arch, when drawn out as a plane, muft depend on the greater 
or lefs pitch of the arch, as fhewn in fig, 8 j where rs and 
/ ^are the abutments of the bridge, and, confequently, rsdt 
the bafe of the arch. The angle of obliquity is here 51°, 
as in the preceding diagram : the line g h paffes along the 
crown of it ; and the curved lines, g m and h n, terminated 
by the line mn, exhibit half the arch of Finlay brid^, 
drawn out as a horizontal plane ; m n and t d being parallel 
to, and redangular from each other; and their diftances 
from the crown of the arch, g h, in their refpedivc lines, 
gnit h rit and gt^ h dy being in one the length of the femi- 
arc, and tlie other that of its bafe. On the other fide of 
the line g h, the curved lines, g p and h Oy connected by 
the right line p (hew the form of half a lemicircular arch 
of the fame bale, drawn out into a plane. In both exhibi- 
tions, It 18 clear that lines drawn perpendicular to different 
parts of the face of the arch, to ferve as guide-lines to the 
joints of the foffit, would in one part converge to each 
other, and form triangles ; and in the other part, where the 
face-line extended on a plane is concave, would diverge, fo 
as, in both inftances, to occafion great irregularity and dif- 
ficulty in clofing of the arch ; which aftually takes place in 
pra6ticc, unlefs due attention be paid to its leading prin- 
ciples, which have been pointed out in the explanation of 
Jig. 4, fo far as that diagram enabled them to be ; which, 
although not to the extent reouifite for the conftru£lion of 
the arch, may be made perteftly comprehenfible to any 
practical man, by attention to the following inftrudlions, 
ui*. after the centres, which are placed parallel to the face 
of the arch, and diagonally to its abutment, are put up, 
and covered with their plank-fheeting, carefully fee off 
their bounding-lines, m p and q n, as in any other arch ; fo 
that every part of thefe face-lines (hall be perpendicular to, 
or direflly under, a horizontal line ftretched from r to /, or 
from s to dy upon the level of the crown of the arch. Then, 
eqiiidiftant from each abutment, via, along the crown of 
the arch, ftrike the line g by which will of courfe be a 
ftraight line. Divide it into any given number of equal 
parts ; if very oblique, ten or twelve may be fufficient ; and 
in arches of fmall obliquity, a few divifions will do. The 
prefent diagram (Jig. 8.) is more oblique than will pro- 
bably be adopted ; but the fcalc being minute, the line g h 
is divided into only fix parts, as the purpofe of explanation 
will be equally well attained. 

The figures 1, 2, 3, &c. in fucceflion from h to gy (hew 
the divifions on that line ; and d, by c, &c. exhibit corre- 
fpondent fpaces clofe to each abutment. Theie divifions 
being made, fet out, on tlie (heeting, fo many parallel lines 
to the outer faces, m g py and n h gy viz, a l ay b 2 bp 
8 cc. : b I reprefents a line of joint near the crown of the 
arch, and rectangular to its face ; which commencing at the 
diftance of bby will interleCt bgy the line of the crown, at 
the didance of ^ i, from the face of the arch ; and will re- 
prefent half the line, l /, in diagram, Jig, 4. 

By the theory laid down for thefe arches, the joints on 
their foffit are to run parallel to each other ; or rather they 
are to interfeCf equal portions of parallel equidiftant arcs, 
(landing in a line oblique to their common axis. This end 
may obvioufly be obtained, by fetting off on each face of 
the arch, and on each of the parallel equidiftant lines, a lap 
b2bp &c. fpaces iimilar Xobky in lucceffion after each 
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other from the points 1, 2, 5* 4» ?, and gy towards each 
abutment; and then to mark upon thefhec ing ilrong hnes, 
to direCl the courfe of the joints, fuch as fhewn by i 1 . i Up 
u V, See, which will form a polygonic curve, more or fcfs 
approaching to a regular curve, according the obliquity 
of the arch, and its approximation to a lemicircle, and the 
number of divifions between i and g. The horizontal bafes 
of the foffit joints near the abutments, on each fide of the 
arch, are, as fhewn in Jig, 4, inclined from the line of the 
face towards that abutment which forms with it an ob/ufir 
internal angle : notwithflanding wliich, thefe joints, when 
drawn on the plane of the (heeting, deviate from the reft- 
angle, with its face line towards the abutment which forma 
an acute internal angle with the line of the arch, and from 
the abutment on the oppofite fide, as (hewn by thofe lines 
in/v. 8. 

Thefe cxcentricities, although they render it difficult to 
form all the voiffoirs prior to the commencement of the arch, 
are eafily got over by forming them in fucceffion, as de- 
feribed. 

As the lines, j i a, biby 8cc. over the curve of the arch 
will be rather troublefome to form correftly, the bed mode 
in praftice will be to mark off on each face, and each fide of ’ 
the arch, a continuation of the fpaces, gi and b by towards 
each abutment. Then as the progreffivc correfpondent 
points from g and by viz. $ /, 0 /, &c. will have right lines 
between them, ftraight chalk-lines can eafily be (truck ; 
and when the fpaces, b ly b 2y 8cc, are fet off upon each olf 
them, the interfefting points fimilar to u, v, je, 8cc, will be 
found the fame as upon the lines a lay b 2 by which, there- 
fore, have no occafion to be formed. 

Had the number of divifions on the line b g been greater, 
the curvature of the joint lines would have appeared more 
material on that fide of the diagram, exhibiting a femicir- 
cular arch expanded ; but on the other fide, where the arch 
is of the fiat pitch deferibed, but with great obliquity, the 
deviation from right lines is fo much lefs fo, that in brick- 
work the joint-lines may eafily be followed. In fimilar arcs 
of moderate obliquity, the divergency is of courfe lefs ; but 
yet it wilh unlefs the arch approach within about 20''' of a 
reftangle with its abutments, be fufficient to occafion con- 
fiderable irregularity, if the joint-lines be continued acrofs, 
itftangular from either face. 

We had frequent opportunities of feeing, for feveral years 
after it was built, the bridge from which mott of the dia- 
grams have been drawn, and never obferved any crack in it ; 
but yet from the uncertainty of obtaining careful and intel- 
ligent overfeers, and good materials, and likewife becaufe 
ot the greater ex pence, and not having inveftigated the 
fubjeft in all its bearings, fo as to lay down fufficiently plain 
inftruftions, we did not then, in feveral bridges over the 
Grand Canal of Ireland, which we direfted to be built 
obliquely, and in other bridges, fubfequently, over wide 
drains in the Eaft Riding of York(hirc, venture to exceed 
40"^ of obliquity, and rarely 30' , although the angle of in- 
terfeftion of the road and water was generally more con- 
fiderable. It is clearly evident that this extent of angle 
would often be highly ufeful, as it would rarely leave much 
to be made up by the deviation of the road from its ufual 
direftiori. The wing- walls of Finlay bridge were curved 
one more than the other on the fame (ide, to give a pafiage 
along each bank of the canal ; but where not over a canal, 
if the line of direftion of the road coincide with that of the 
bridge, the wing-walls may terminate more nearly fquare 
with t^ road, or completely fo, as in Jig, 9, which wws 
one of thefe bridges under an obliquity of about 40% with 
the arcA umlojedy fo as to (hew the wood (heeting fupportiog 
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if, and the mode of clofing it without unequal prefTurc on 
each fid': of the cenfn^s. 

Fro:u what has already been explained, it necefTarily fol- 
lows that each import of the arch, in place of be\ny hmnly 
fommered to the radiating line of th»' inenmben* curvt , n.urt 
alfo, as^appears in be ferraced (as Iliewn be* ween e 
and ri 8.) to fnit the adjoining bed ol the fionca, or 
bricks, forming the arch. 

The cafun! utility of thefe arches is obvious, and fhr 
theoretic and praftical mode of forming rhem hai? been ex- 
plained to fiich extent, as to make the procefs cafy to any 
intelligent mafon. • Since the period we have mentiont.d, 
the plan has in a few inftances been followed ; and the fame 
idea may have occurred to others, although we have never 
heard of it. 

The principal ufe of thefe bridges will be where lines ol 
projedled canals interfeft high roads with obhqnity; in 
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which cafe, the road, if curved for a lufficient extent to tall 
in with a reAangular paflage over the canal in fo gentle a 
manner as it o'‘ghl, would require a confiderahle length of 
double curve, viz, alternately outwards and inwards on one 
fide, or both, accordingly as the bridge might be placed, 
an inftr^nce of the latter of which is fhewn in Iketch lo. 
Under ihiu predicament, where the land is valuable, or 
houfes interfere to interrupt the change of road, it may 
often be found advantageous, bccaufe more economical to 
incur the increafe of expence attendant on the conttruftion 
of an oblique bridge ; which, under moderate angles of de- 
parture from the right line acrofs, is not very materia! ; and 
where it becomes fo, will lometimes be greatly inferior to 
the advantages acquired by it. Wc have been indebted for 
the preceding article to — Chapman, efq. a well-known and 
ingenious engineer, to whom we have already referred under 
the artirle'CiiNAL. 



Ochre 


OCHRE, in the jlrts^ a yellow powder of an earthy ap- 
pearance, It in general confifts of fome earth, as lime or 
clay, combined with a fub-fah or oxyd of iron. 

The oxyd of iron in thio fubftance is mollly combined 
with cither ihe fulphuric or carbonic acids, and in general 
is derived from the decompofitinn of fuper-fiilphuret of iron. 
By expofure to the air and moillure, the latter fubdance is 
convened into fulphuret of iron. This fait, by expofiire 
to the oxygen of the atmofpherc, foon refolves ufelf into 
two falts, namely, the fwper-oxyfulphat of iron and the 
fub-oxyfulphat. The latter, being infoluble, is precipitated, 
forming a yellow depofit, frequently feen in luch chaly- 
beate Iprings as refult from the decompofition of pyrites. 
This yellow precipitate penetrates tlie earth and tinges it 
with the fame colour, but more dilute. The mixture con- 
ftitutes a fpecics of ochre. When the foil, with which the 
fubfalt combines, confifts of certain proportions of lime and 
alumine, free from ttones or other heterogeneous matter, the 
ochre is more valuable. 

Thofe chalybeate waters which contain the fuper,^carbonat 
of iron, and which are frequently found, are capable of 
forming ochre, but of a difterent quality from the laft. 
The carbonat held in the water is fuper-carbonat with the 
black oxyd of iron. By expofure to the air an atom of car- 
bonic acid efcapes,.the oxyd takes another atom of oxygen 
from the atmofpherc, and is precipitated with the other atom 
oi carbonic acid in the form of oxycarbonat, which is in the 
form of an infoluble powder of a yellow colour. This ochre 
is of a deeper yellow than that derived from the fub-oxyful- 
phat. Its colour may be converted into a beautiful brown 
by applying a heat to it, fuRicient to expel its carbonic acid, 
leaving behind the fccond ox\d of n on. The heat of .boil- 
ing water is fufficieut for this puip<jre Tins ochrt> fo 
changed, has moft of the properties oi umber, riie fub- 


lulphat does not to rcadil; \Huiiu* tht brown colour, on ac- 
count of ^he greater heat requhed to e/pel its a<*icl. 

Artificial ochres may be preu.ir. i oftqe.al, and perhaps of 
fuptTior quality to thofe in iiai ure. The fulphat of iron in the 
maimfa6Iure of this article, Teviour. to its cryltallization, is 

f jartly in the (late of oxyfalphat, and becomes wholly fo by 
ong expofure to the air. it remaiiis in this fituation it 
will gradually refolvcitfelfinto the fuper oxylulphat and the 
fub-oxyfulphat. The latter falls, to the botiom ol the veftcl 
in the form of a yelloi; powder, which, when wafhed and 
dried, conititutes ? biaulifnl colour. 

When carbonai of ootalh ir added m the fuper-oxyfv.lphat, 
the carbonat iro* ' be formed, v.luch will precipitate 
in the (late of a yellow puN^der. This po\ der, when waftied^ 
and the water evaporaled, conflitntes an ochre which is a 
little deeper in colour than the laih The heat of boiling 
water drives off the carbonic acid, leaving the oxyd of an 
agreeable brown colour. 

Ochre, in jlgriculture^ a fort of oxyd or calx of iron, 
which is frequently met with in fome forts of foil. The 
author of PhyioKigia ftates, that red ochre may in fome 
cafes be favourable to vegetation, though it has generally 
been fuppofed prejudicial to it. 

It is, however, dated by Mr. Nicol, that the mofl un- 
toward of all foils, for the produce of timber in high per- 
fection, is an irony till of little depth, lying on a retentive 
fubfoil, which upholds a poifonous ochry water, and which 
ftagnates on the furface, or remains latent in the body of 
the foil, which is the paihire of the roots, contracting the 
mouths of the fibres contaminating the juices, and linally 
operating to the deflruClion of the tree, by poifoning it, and 
haftening its diffclutinn. 

It is well known that ochres alfo form the bafis of various 
kinds of pigments, paints, and other fimilar matters. 




OIL, in Chemjjlry and the Arts> Oils are divided into they are cvaporable at a moderate Lent without decou'. 

two claffos ; A. Volaithy and B. Fixed oils. The latter into tion, and becaufe in them the odour cr fr.igranre, cr 

two orders j a, fat, and hy drying oils. old chemiils called it, the rjfeuc* of v«*gtt:.'ble8 couiilic. Oils 

. ^ of this kind are obtained jT^enerally froinv^’geiwbhi, find fome 

A. V olatik or EJfential Oils, — 1 hele are (o called becaufe varieties from animals. They are L'Xtra>^iwd from the roots. 
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leaves* flowers* feeds* and fruits of vegetables* but feldom 
from feeds with two cotyledons, which generally afford the 
fixed oils ; while the hulk, or covtr of the feed, is always 
more or lefs impregnated with volatile oil, the acrimony of 
which defends in fome degree the rudiments of the young 
plant from the depredations of infeds. The volatile oils* 
which are procured from the fruits of the lemon, the orange, 
and the bcrgamotte orange, are thofc which alone arc capa- 
ble of being obtained by expreflion. For this purpofe a 
fmali wheel, with its circumference fet with (lout !iails, is put 
in motion* and a lemon or orange is applied to it till the 
whole of the yellow outer rind is rafped away. The rafp- 
ings fall to the bottom of the cafe in which the wheel turns, 
and they are then fqueezed between two plates of glafs. 
By this gentle preffure the effential oil flows from thf* rup- 
tured cells into any adjoining vcffel, and is there fuffered to 
reft till the water and other impurities have fubfidcd. In a 
way fimilar to this is obtained in India the precious perfume 
called the oil or “ otter” of rofes. For this purpofe a clean 
calk or glazed earthen jar is filled with rofe-leaves feparated 
from its calyces, which are covered with fpring-vrater. The 
veffcl is then fet in the fun for two or three days, and 
brought under cover in the night. At the end of She third 
or fourth day fmali particles of yellow oil w ill float on the 
furface of the water, which in a week will have accumulated 
into a thin feum: this feum is taken up by a httle cotton 
tied to the end of a flick, and fqueesed into a fmali phial. 

Effential oils are generally obtained by diflillation. The 
frefh herbaceous plant, or the dried plant, previoufly mace- 
rated for a few hours in water, or the bark or wood rafped 
or cut into (havings, and macerated for fcveral days, are 
clofcly rammed down in a tinned copper flill or alembic ; and 
when covered with water, the head of the flill is luted on 
and the refrigeratory filled with cold w^ater, and then the fire 
ii lighted and fo regulated as to keep the contents of the 
flill conftantly fimmering, without boiling. The iteam con- 
denfed in the worm vdll form a fmali ftream of water, which 
is to be collected in proper veffels, till it comes off nearly 
infipid and inodorous ; and then the diflillation is flopped. 
The firfl part of the produce, as it is turbid from fuperfa- 
turation with effential oil, is kept for fome hours in a cold 
place* during which time the excefs of oil will feparate from 
the water* and either float on the furfacc or fink to the 
bottom* according to its fpecific gravity. The oil is com- 
pletely feparated from the diftillcd water by an inflrument 
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called the Italian recipient ; and the whole of the water pro« 
duced by the firfl diflillation is employed in the next, inflead 
of plain water ; fo that thus the produce of oil in the fecond 
diflillation will exceed tha*^ of the firfl, by the whole quan- 
tity held in permanent folution by the water of the former 
procefs. By this procefs, the amount of oil yielded by 
equal quantities of the fame fubftance will form a conflantly 
increafing feries, till the whole of the water drawn off by 
each diflillation is completely faturated with oil. It is not 
till the feventh, or even fometimes the tenth diflillation, that 
the produce of oil attains its maximum. Effential oil may 
be procured not only from odorous vegetables thcmfelvcs, 
but from fuch of the immediate products of vegetation as 
poffefs any odour ; fuch are the balfams and many of the 
refins and gum refins. The peculiar odour of vegetables, 
when not in a Hate of decompofition, depending on the 
volatile oil they contain, it is plain that the odours of the 
oil themfelves arc equally various. Their tafte is exceedingly 
hot and pungent, and in fome, particularly the oil of pepper- 
mint, followed by a remarkable fenfation of coldnefs, though 
the thermometrical temperature undergoes no change. The 
acrimony of fome of the oils, as the oil of cloves, is fo great 
as a£fuallv to deftroy the outer (kin of the tongue and of 
other fenfible parts. The colours of effential oils are various* 
fome being blue, others green ; but the ufual colour is light 
yelKivv, verging more or Icfs by long keeping to reddi(h- 
brown. Other flriking charaAers of volatile oils arc that 
they are liquid, more or lefs at different temperatures, fome- 
times thick and glutinous like the expreffed oils, and fome- 
times folid and in cryflals. In the latter ilate they approacli 
the nature of refins. They are highly combuflible, pro. 
ducing much fmoke, condenfing into foot. They are alfo 
of an agreeable flrong fmell, and of a pungent acrid talle. 
They are volarile at a heat lefs than 212 And they give 
a gieafy flam to paper, but evaporate without leaving any 
mark. Volatile oil, however, may be detained in a higher 
heat by mechanical mixture with dry clay or fand ; and 
then it undergoes a partial decompofition, carburetted hy- 
drogen being given out, and a little charcoal remaining in 
the receiver ; the undecompofed refidue, if fubjeded three or 
four times fucceflively to fimilar treatment, will be entirely 
deftroyed. 

The following tabic exhibits the mofl prominent proper- 
ties of fome of the volatile oils. 


Table of Volatile Oils. 


Names. 

Colour. 

Turpentine 

None. 

Juniper 

Green, 

Rofemary 

None. 

Mint 

None. 

Cloves 

None. 

Lemon 

Yellow. 

Orange 

Yellow. 

Cinnamon 

Yellow. 

Saffafras 

None. 

Fennel 


Tanfy 


DiU . 


Carraway 

None. 

Penny Royal - 


Cummin 



Sj)e' iftc 
Gravi'y. 


Confifiency at 60®. Freezes at 14®. 


Odour. 


.792 

.611 

•934 

•975 

*•034 

.888 

1-035 

1.094 

•997 

.946 

•994 

.94 

.978 

•975 


Fluid as water. 

Very fluid. 

Thin liquid. 

Very fluid. 

Oily and very fluid. 
Thin liquid. 

Ditto. 

Oily and lefs liquid. 
Oily. 

Becomes folid at 50°. 


Strong. 

Strong fmell. 

Like the plant. 
Agreeable. 

Very fragrant. 

Very agreeable. 

Nearly fimilar. 

Pleafant. 

Like the root. 

Very flrong. 

Very flrong and pungent. 
Agreeable, like the ^ant. 
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Names. 


Colour. 


Nutmegs 

Anifeed 

Thyme 

Spike 

Lavender 

Oiiganum 

Wormwood 

Camomile 

Hops - 

Parfley 

Bergamotte 

Cardamom 

Mace 

Rofes 

Peppermint 

Savine 

Pepper 


None. 

None. 

Brown. 

Yellow, 

None. 

Green. 

Blue. 

Gri'en. 

Green. 

Yellow. 

None. 

None. 

Greeh. 

None. 

N nc. 


Specific 

Gravity. 

Confiftency at So®. Freezes at 14 ®, 

Odour. 

1 

oo 

$ 

Like batter. 

Very pleafant. 


Becomes folid at 50°. 

Very ftrong. 

.936 

Cryftallizes. 

Like camphor. 

Thin liquid. 

Very ftrong. 


Very agreeable. 

■94 


Very ftrong and acrid. 


Like butter. 

Like the flower. 


1 

Not oily. Is folid at 

Oily. 

Very pleafant. 


Oily. 

Agreeable. 


Thin liquid. 

Very agreeable. 
Difagreeablc. 


Like butter. 

Very acrid. 


When the vohtile oils are recenily di^illetl they cvj'iioratc 
without leaving any refiduum. Tlry are diililVd with 
greater facility when water or alcohol is pn'fent. Ar'^cr 
they have been expofed to the air for fome timi^ they do not 
entirely evaporate, but a flight refiduum ia left of the nature 
of refin. When deprived of heat to a certain exte.*i thry 
become folid, having an un^luoua appearance. S me of 
them aifume the cryttalline form. 

It has been aflerted by Tingry, that light has th ' pro- 
perty of tnereafing the ahfolutc weight of the volatile oim 
when expofed in a clofc glafs veffel, the air at the fame tim^* 
being excluded. This fa6l, however, ought to be doi'bted, 
till confirmed by ftronger evidence. This he attributes to 
the fixation of light, a thing at prefent unknown to chemi'N. 
The cfTcntial oils, efpecially the more volatile of them, de- 
oxygenate atmofpheric air very completely, as was fjijl afccr- 
Taincd by Dr. Prieftley, and this circumftance partly ac- 
counts for the uneafy fenfations experienced by moll perfons 
when in a clof^ newly pt inted room. 

The atlioi. of oxygen upon thefe bodies is very confpi- 
cuous. Tliey become vifcid, and affume a yellow colour, 
riie colour becomes deeper, more cfpecvUy it it is exnofcd 
to the fun, and the wil ultinia^^ely alTumes the forin of r'‘rin. 
Tn thick oils another change takes place; a weakly acicu- 
lous vvater is produced, and prifmatic cry Hals are depofited ; 
ihe rcli Jue of the oil becoming, in the mean time, concrete. 
Thefe cryflals, w»hich have been occaiionally mitlakcn for 
camphor, are llightiy foluble in hot water, and more fo in 
alcohol; to which they communicate the property of red- 
dening veg»‘Lable blues ; when gently heated, they fwell and 
cryilallize in needles by cooling; when heated by the blowpipe 
they evaporate, but do not inflame ; from thefe properties 
they have been confidcred as an acid very analogous to the 
benzoic. f^ome elfential oils afford real camphor by evap<;- 
ration, as Proult has (hewn. (See Camphok.) If theniafs 
to changed iiKO rclin be fubje6led to diltihath'n, an oil fimihir 
to the original comes over, leaving behind a refin of greater 
hardnefs, and more infufible than the -^r g’nal mafs. Aim' ft 
all the fublla' ces denominated refm u»e cap.ible of affording 
a portion of an effential oil by the adtion of heat, he 
icfin beconhiig harder and lefs fufible. It is on iLfe 
faifls that the art of japanning depends, II the furface of 
any body be covered with common tar, and then expofed to 
the heat of a ttove for a certain tunc, the oily part evapo- 
irates, leaving a hard coaling, which does not fohen at a heat 


(hort of that which would dreompofe it, and at the fame 
♦ime fo hard as rot to b.‘ penetrable by the nail. Common 
pitch and refin are of different degrees of foftnefs, accord- 
ing ti rS.* extent to which the diftillation has been carried. 
The ch .ngc prf»diiced in the volatile oils, by expofure to the 
air, has ‘H*en fiipoofvd to arife from the abforntion of oxygen^ 
but in all probability this is not the fa£t. That oxygen dif- 
apoear^ is undeniable, but that it is retained in the body is 
doubtful. We arc informed by Fourcroy. that drops of 
water are formed wdien oxygen is expofed over oil of turpen- 
•ine. Hence it is highly probable, that the oxygen com- 
bines wirh the hydrogen of the oil, forming water, which 
leaves a compound having Icfs hydrogen, and in confequence 
more fixed and hard. 

The volatile oils, from the great quantity of hydrogen 
they contain, take fire with great facility, and burn wim a 
copious white flame, producing much foot. If the produAs 
of corr.buftion be colie6led, they will be found to confift of 
water a. id carbonic acid, derived from the carbon and hy- 
drogen ot the oil, with the oxygen of the atmofphere. 

It is by this means that we are to expedl an analyfia of 
ibt e fnbftancep, an obje6t which has not yet been aceom- 
p dhed. blit which is very defirablc. 

The* volatile oils do not undergo any change with hydro- 
gee or carbon. They combine to a certain extent with ful- 
phur, by which they acquire a brownifti colour, and dif- 
agrctablc (mell. This fulphurized oil gives out on diftiilatioD 
fulphuretted hydrogen ; it is often called balfam of 
fulphur.'’ 

It is faid that thefe compounds are dccompofed by heat 
v/ith a violent cffervefcence, which is fuppofed to arife fn>m 
the fulphur ermbining with the hydrogen, forming ful- 
phurctied hydrogen. 

Camphor, which may be deemed a concrete volatile oil, 
combines with phofphorus by trituration. This compound 
may afterwards be diffolved in moft of the volatile oils. The 
folution is luminous when expofed to the air, fb as to tell 
the hour of the night. 

Water has little aflion upon the volatile oils* The water, 
however, diffolvcs as much as gives it a ftrong taftc of the 
oil. When the oil is firft dropped upon fugar, and this put 
into water, a greater quantity is retained. Advantage is 
frequently taken of this fad in pharmacy. 

They arc moftly foluble in alcohol and ether, though in 
limited proportions. 
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The alkalies have much lefa aftion upon the volatile oils driven off, nothing remains in the retort but a little char- 
than upon the fixed oils. They are more fufceptible of coal. The oil which is found in the receiver is lighter, 
combining with thefe bodies, in proportion as they approach more limpid and volatile, than that from which it was pro- 
the ftate of refin. Common turpentine combines with pot- cured ; and thefe qualities are obferved to increafe by each 
afh, while oil of turpentine is but with difficulty made to fucceffive diflillatioii ; carbon and carburetted hydrogen 
unite with it. This has been called Starhys foap. being difengaged as at firll. By continuing this proceff 

We are in pofleffion of fome fa6ls relative to the a 61 ion of with the produd of each diflillation, the oil at length en- 
acids upon the oils. tirely difappears, being partly decompofed, and partly 

The fulphuric acid diffolves them, and mutual decom- carried off in folution by the carburetted hydrogen gas. 
pOfition takes place. The colour becomes dark, and char- They are principally procured from the cotyledons of 
coal is at length depofited. When water is poured upon feeds, and fometimes, though rarely, from the pulp or flefh of 
the folution, a refinous mafs becomes fcparated. Hence it fruits. The fubflance containing the oil is beaten to a pulp, 
appears, that the oxygen of the fulphuric acid produces a and then heated to a certain temperature. It is then fub- 
fimilar change with the oxygen of the atmofphere. jeded to the adion of a ftrong prefs, to force out tlir 

The nitric acid, when poured upon moll of the effeatial oil. Much of the mucilage is carried off with the oil. 
oils, caufes them to inflame with great violence, leaving This is more particularly the cafe when the pulp is heated 
behind a fpongy coal of a brown colour. The acid fhould If it be preffed cold, the oil is much freer from colour, and 
be very ftrong for this experiment. in a ftate of greater purity ; but the quantity obtained is 

Muriatic acid (lightly diffolves thefe fubftances, but wc lefs. The oil obtained in this way is faid to be coo/ drawn. 
have no fads as to their mutual change. If the heat be too great, the oil will be more coloured. 

It may eafily be conceived, that many of the metallic The kernels of the common nut, the walnut, and the hickory 
oxyds will produce the fame changes upon the volatile oils nut, yield an abundance of oil : it is alfo exprefled from the 
which are produced by the acids, and the oxygen ©f the feeds of the lint, the rape, the poppy, and the fun-flower ; 
atmofphere. The facility with which lead, mercury, and and in great abundance from the exterior fubftance of the 
mariganefe give up their oxygen, offers a ready method for olive. All the fixed oils, except the latter, are obtained 
an accurate analyfis of thefe bodies. from the cotyledons of feeds ; and it is remarkable that no 

The volatile oils are ufed in medicine, and are confidered feed with one cotyledon affords a fixed oil. Oil may be 
ftimulants. They are alfo ufed as perfumes ; and in the exrraftcd not only by prcflure, which is the molt common 
compolition of varnifhes and oil paints. method, but by immerfion in hot water. In this latter cafe, 

Fixed, Vegetable, or UnBmus 0/7/.-— The fixed oils have the oil feparates from the other ingredients with which it is 
the following charaders : naturally mixed, and rifos by the force of gravity to the 

1. They arc greafy to the touch. furface of the water, from which it is flcimmed off. Re- 

2. They arc moftly liquid, or rather in the ftate of a mo- cently drawn oil is more or lefs impure, on account of its 

derately thick, but not vifeid, fluid, at the common tern- containing a variable proportion of mucilage, fecula, and 
perature of the atmofphere, but become fohd at certain perhaps other fubllances : of thefe a partis always depofited 
degrees below. by 1*011, efpccially if the contaft of the air is not wholly 

j. They do not boil at lefs than fioo'’. excluded ; but another portion remains in permanent folu- 

4. They take fire at a certain temperature, and burn tion ; and to this that partial fpontaneous decompofition in 

with different degrees of brilliancy. oils, called rancidity,” is principally owing. They are 

5. They are not acrid like the volatile oils, but frequently alfo obtained from animals, fuch ac whale oil and neat’s- 
almoft inliptd, or pofTeffing a imld fub-iiaufeous tafte, and a foot oils. 

peculiar flavour, according to the vegetables from which All animals, except thofe included in the clafs of infers, 
they are produced. Their colour, when recent, has more contain oil ; the quantity of which, as well as its fituaiion in 
or lefs of a greenifh tinge, which by keeping becomes yel- the body, is fubjedt to confiderable variety. (See Ckl- 
low, and in tome inftances orange-coloured, verging on red. lulak Membrane, Adep.s, and Sebacic Acid. Moe alfo 
Their Ipecific gravity is ufually between that of alcohol and Anatomy of Birds, Fish, and Mammalia.) While the 
water, as they fink in the former, and float on the furface fat remains in the living body, it is always in a fluid or femi- 
of the latter. Of thefe fluids, there is no circumftance in fluid ftate ; but its confiftence changes, when it is extraded 
which they differ fo much as in the temperature at which and expofed to the common temperature. The oil or fat, 
they congeal : fome continue folid at the highclt atmo- invefting the kidnies of quadrupedn, is called fuet or tallow, 
fpherical temperature, as palm oil, and the reft of the and is the hardeft and moft folid of any ; the next in hard- 
vegetable •• butters,*’ as they are called from this circum- nefs is the fat of the bones, and that in which the mufcles 

ftance; others require being cooled down to the freezing arc imbedded is the next in degree; the fat of the hog, 

point of water ; and others, again, are capable of enduring called lard,** is the leaft folid. The fat of birds is feldom 
a much greater depree of cold without becoming folid. fo folid as hog's lard, and in many fpeciesis actually fluid. 

6. They are infoluble in water and alcohol. The fat or oil of fifh is almoft always fluid at the common 

7. They leave a (lain on paper, which cannot be removed temperature. There is alfo fat in the yolk of eggs, which 

by evaporation. may be extraded by fimple preffure, after the yolk has been 

Fixed oils are fo called, becaufe they are incapable of coagulated by heat, 
being volatilized by heat without decompofition. When any Animal oil is obtained in its pureft ftate by ftiredding frefli 
of them, e, f* olive oil, is heated in a clofe diftillatory ap- fuet, and liquefying it in boiling water, and then pamng it 
ptratus, as mn as the fluid has arrived at its boiling point, through a piece of thin gauze, in order to feparate the cel- 
a white vapour is difengaged, confilting of oil, carburetted lular membrane. Thus purified, its colour is yellowilh* 
hydrogen, and carbonic acid. The firll of thefe is for the white : it is moderately hard, of a mild tafte, and almoft 
moil part condenfed in the receiver ; while the other two, deftitute of odour or flavour ; it is combullible, like the 
retaining in folution a portion of oil, efcape in the form of fixed vegetable oils, and agrees with thefe in the changes pro- 
permanent gas 1 and when every thing volatile has been duced upon it by the alkalies and other chemical rewigents. 
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All the animal oils belong to the clafs of unAuous or fat oils, 
none of them being either drying in themfclves, or capable 
of becoming fo by means of litharge and other fubftances. 
Fat, expofed to dry didillatioii, when it acquires the tem- 
perature of about 400'* emits a white acrid and dif- 
ag’^eeahle vapour: as the heat incrcafes, fome of tlie oil 
comes over into the receiver, and that which remains in the 
retort acquires a blackifh tinge ; empyreumatic, acetous, 
and febacic acids manifeft tbemfelves, together with car- 
buret ted hydrogen and carbonic acid of a very oflen five 
odour. Hence it is inferred that there is a real difference 
between animal and vegetable oils, though it has not been 
pointed out by chemical analylis. The coarfer kinds of 
animal oil, extracted by putrefaction and a ftrong heat, 
poffefs a much more difagreeable odour than any tf the 
vegetable oils ; and, when rancid, difengage ammonia by 
the a6fion of the fixed cauftic alkalies, in which they alfo 
differ from the latter. ^J'he fifti oils, always rancid, are 
for the moll part thick and glutinous, which rendeiM them 
in fome degree unfit for burning, and fome other ufes to 
which they are applied. Many attempts have been made 
to meliorate them ; and it appears by the experiments of 
Mr. Doflie, that they may be cnniiderably impiovcd by 
means of fixed alkali and chalk, by which the albumen and 
gluten are thrown down, and the lupernatant oil, afte** due 
reft, may be poured off in a fluid (late, and very fcnfibly 
amended in confiftcnce, odour, and fitnefs for burning. Ani- 
mal oils are fiibftances of very great economical importance. 
They are ufed as food, and in medicine as the bafis of va- 
rious unguents: they are largely employed in the manu- 
facture of foap, and alfo for burning either in lamps or in 
the form of candles. Aikin’s DiCt. 

Whale oil is much conta ninated by different animal 
matters, to winch it owes its difagreeable odour. It has, 
however, been fo piinlied as to poffefs lets fnicll and tafte 
than the beft olive oil. 

All the fixed oils are of lefs fpecific gravity than w^atcr ; 
and fince they do not combine, the former muff float upon 
the furface of the Idttcr. 

The fixed oils cannot be diftilled without decompofition. 
They boil at 600 ': a v'apour comes over, which condeiifes 
into an oil, which is different from the original. An in- 
flammable gas is difengaged, and fome coal depolited. 
'^rhib n fome pri>of that decompofition takes place. From 
tlief - farts -we may fairly conclude, that the oil ot lamps and 
candles, when in the art of burning, undergoes decompofi- 
tion. The inflammable gas and the vapour conftitute the 
volatile part which makes the flame, while fome carbon is 
I'eparatcd, which lodges in the wick. 

Fixed oils are divided into two orders ; (a), fat oilst and, 
(iJ), drying oils. 

(a). Fat Oils, — Thcfe are fuch as, when expofed to the 
air for a certain time, firft become vifeid, and ultimately 
concrete, having the appearance of tallow, and in every 
refpert fimilar to fat. This oil will be more or lefs hard, ac- 
cording to the time expofed ; it at the fame time acquires a 
difagreeable odour, to which we give the name of rancidity. 
Of thefe kinds we may mention olive oil, almond oil, and 
that extrarted from ra;'e feed, called rape oil. This change 
is more rapidly brought about by dilute nitric acid, or any 
fubftance which affords oxygen. It has been f^uppofed that 
tkc combination of the oxygen with the oil give® to it the 
concrete form. It is, however, to be regretted that we 
have not as yet learned from any experiments, whether the 
abfolute weight of the oil be increafed or dimimflied by the 
agency of th*- oxygen. It fce"«i8 moft plaufiblc to fuppofe, 
t£at the oxygen combines wuh a portion of hydrogen of the 
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oil, forming water, leaving the remainder more concrete and 
lefs ftifible. Olive oil, by treating it with nitric acid, may 
be rendered equally infufible with fpermaceti. 

The fat oils (Combine with the alkalies, earths, and moft 
metallic oxyds, forming foaps. See Soap. 

They are not mifcible with water, except through the 
medium of fugar, llarcb, or gum. With the two latter 
they form compounds, called emuljions. 

They do not combine with many of the combuftible 
bodies. They unite with fulpliur, forming a dark brown 
compound of a difagreeable Imell. On cooling, fome of 
the fulphiir is depofited in cryftals. Phofphorus combines 
with foveral of the fat oils. Olive oil, when rubbed with 
phofphorus in a mortar, diflolvcs a portion of it. The folu- 
tiou, wlien expofed to the air, by opening the bottle con- 
taining It, becomes very luminous. Any fubftance fmeared 
with it fliines for fome time, but no perceptible heat is 
produced. 

When concentrated fulphuric acid is poured upon the 
fixed oils, decompofition fpecdily enfues. The produrts arc 
water, carbon depofited, giving a black colour. The ful- 
phur is alfo depofited, and fome acetic acid formed. When 
concentrated nitric acid is poured upon oils, the artion it 
conliderable ; the oil takes fire, and burns, leaving a fpongy 
coal behind. If the acid be dilute, as has been obferved, it 
converts the fat oils into fat like tallow. 

The fixed oils combine with forne of the metals. A 
leaden vcffel foon becomes corroded by oil contained in it ; 
the oil at the fame time becoming thicker. They have 
fcarccly any a6rion upon tin ; hence the life of the latter 
metal in preference to the former for oil veffels. Oil has 
alfo a decided artion upon iron, as we fee in the axle-trees of 
carriages, and in all inftanccs in which oil is ufed with iron to 
leffeii frirtion. 

h. Drying Oils , — Thefe oils poffefs properties moftly 
common to both, but differing in fome particulars. They, 
like the fat oils, become concrete by the artion of oxygen ; 
but inftead of affuming an opaque fatty appearance, they re- 
tain their tranfparency, and acquire the flexible property of 
horn. 

The varieties poffefling this property are the oils of nut, 
poppy, and lint. 

Thefe oils are lefs fitted for combuftion than the fat 
oils, but arc of great ufe for paints and varnifties, and 
making printers^ ink. When ufed for the latter purpofc 
the nut oil is preferred, on account of its not turning yel- 
low. It is firft fet on fire, and allowed to burn for a Ihort 
lime ; it is then covered by a lid to cxtinguifti it, and allowed 
to boil for fome time. By this treatment it lofes its greafy 
quality, becomes thick and roapy, and is more mifcible with 
water, a property of great importance in the above applica- 
tion. Drying oils become more fufceptible of the con- 
creting quality by being boiled with litharge, or almoft any 
fubftance containing oxygen. Doubtlefs in this procefs the 
oxygen of the lead combines with the hydrogen of the oil, 
while the lead conibiiies with the oil, to which it gives a dark 
colour, and makes it thicker. Acetat of lead, and other me- 
tallic falls, produce the fame change. 

When oil is mixed with the black oxyd of manganefe, it 
fome time after takes fire. This arifes from a more rapid 
combination of the oxygen of the oxyd with tlie hydrogen 
of the oil. 

The compofition of the fixed oils has been pven by La- 
voifier, but it is not to be relied upon. He muies it conflft 
of 79 carbon, and 21 hydrogen. 

Another fpecies of oils is found in lome vegetables, 
which have an acrid tafte, and diffolve in alcohol, like the 



volatile oil9, but arc not fo volatile as toadmit of diftillation. 
The vegetable containing the oil is infufed in alcohol, which 
difiblves the oil. The alcohol is afterwards dillilled from 
the oil. 

Thefe oils are faid to be poifonous, which appears to be 
their moft diftinguilhing charafter. An oil of this kind is 
obtained from the root of the helleborua hyemalis, and an- 
other is found in tobacco. 

Oils, £mfyreumaiic.-^The{e approach the nature of vola- 
tile oils, and are formed during the diftillation of vegetable 
and animal fubftances. They have properties nearly ailied to 
tar, and afford, by afecondand careful diftillation, a liquid 
volatile oil, not much unlike the oil of comiuon tar, which 
has many properties in common with oil of turpentine. A 
iimilar fubftance is obtained from pit-coal by diftillation, 
which oil belongs alfo to this clafs. 

The colour of empyreumatic vegetable oil is yellowifh- 
red, pairing into blackifti-red ; it has a ftrong odour, and an 
acrid empyreumatic tafte ; it is more volatile than the fixed 
oils, but lefs fo than the proper effential ones ; by re-diftil- 
lation with a little water it almoft wholly lofes its colour, 
and becomes more volatile than before, though dill pof- 
fefted of much of its empyreumatic flavour. See Ailun’s 

Diet. 

The ufe of oil in flopping the violent ebullition of various 
fubftances, may be very great in many occafionsof life. It 
is well known that if a mixture of fugar, honey, or the like, 
be boiling on the fire, and in danger of rifing over the Tides 
of the veffel, the pouring in a little oil immediately makes 
it fiibfide. In many cafes, the marking a circle round the 
infide of a veffel, in which a liquor of this kind is to be 
boiled, with ? piece of hard foap, (hall, like a magic ring, 
confine the ebullition to that height, and not fuffer it to ftir 
any farther. This is wholly owing to the oil, or fat, con- 
tained in the foap ; but there is, befides thefe, another very 
important ufc of oil, on a like occafiou, which is the 
pouring a little of it on any metallic folution, while making ; 
this rellrains the afeent of the noxious vapours ; preferves 
the operator from danger ; and, at the fame time, by keep- 
ing down the evaporating matter, gives redoubled ftrength to 
the menftruum. 

Pliny has mentioned an extraordinary cffeA of oil, in 
Hilling the furface of water when it is agitated with 
waves, and the ufe made of it by the divers, for this pur- 
pofe. “ Omne,** fays he, “ oleo tranquillari,*^ &c. lib. ii. 
cap. 103. and Plutarch, in Qua*ft. Natur. afks, “ Cur mare 
oleo conlperfum perlucidum fit et tranquillum ?’* Pliny^a 
account teems to have been either diferedited or difregarded 
by our writers on experimental philofophy, till it was con- 
firmed by feveral curious experiments of Dr. Franklin, which 
were publiftied in the year z 744. 

The property of oil above-mentioned has, however, been 
well known to modern divers and dredgers for oyfters, at 
Gibraltar, and elfewherc. The divers in the Mediterranean, 
in particular, defeend, as in Pliny’s time, with a little oil in 
their mouths, which they now and tiicii let out ; and which, 
on rifing to the furface of ihj Tea, immediately renders it 
fmooth, fo as to permit the light to paTs througli the water, 
undiftlirhed by various and irregular refraflions. 

The Bermudians, it is faid, arc enabled to fee and flrike 
fifti, which would be concealed from their view, through 
the roughnefs of the fea, by pouring a little oil upon it. 
And the Lifbon fiihermen effea a fafe pafTage over the bar 
of the Tagus, by emptying a bottle or two of oil into the 
fea, when the furf is lo great as to endanger its filling their 
boats. Our failors have alfo obferved, that the water is al- 
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ways much fmoother in the wake of a (hip that hath been 
newly tallowed than it is in one that k xcul. 

Dr. Franklin was led, by an accidental obfervation made 
at fea in 1757, to attend particulirly to Pliny’s account ; 
and the various informations which he afterwards received 
relating to it, induced him to try forne experiments on the 
fubjeA. Standing on the v. indward fide of a large pond, 
the furface of which was rendered very rough with the w'ind, 
he poured a tca-fpoonful of oil on the water. This fmaU 
quantity ptoduced an inftant calm over a (pace of feveral 
yards fquare. which fpread amazingly, and extended itfelf 
graduaUy, till it reached the lee-fide, making all that quar- 
ter of the pond, perhaps half an acre, as fmooth as a look- 
ing-glafa. On repeating this experiment, which conftantly 
fucceeded, one circumftance (truck him wrh particular fur- 
prize ; this was the fudden, wide, and forcible Ipreading of 
a drop of oil on the face of the water, which, he adds, “ I 
do not know that any body has confidcred.'^ 

When a drop of oil is put on a looking-glafs, or poliihed 
marble, it fpreads very little : but on water it inftantly ex- 
pands into a circle extending feveral feet in diameter, be- 
coming fo thin as to produce the prifmatic colours for a 
confiderable fpace, and beyond them fo much thinner as to 
be invifible, except in its eflFeAs of fmoolhing the waves at a 
much greater diftance. It feems, lays Dr. Franklin, as if 
a mutual repulfion between its particles took place as foon 
as it touched the water, and a repullion fo ftrong as to aft 
on other bodies fwimming on the furface, as llraws, leaves, 
&c. forcing them to recede every way from the drop, as 
from a centre, leaving a large clear fpace. The quantity 
of this force, and the diftance to which it will operate, the au- 
thor fays, he has not yet afeertained ; but he thinks it a curi- 
ous enquiry, and w’ifhcs to underftand whence it arifes. In 
endeavouring to account for the lingular cftVds of oil, Dr. 
Franklin obforves, that there feems to be no natural repulfon 
between water and air, fo as to keep them from coming into 
contaft with each other. Therefore air, in motion, which 
is wind, in palling over the fmooth furface of w'aler, may 
rub, as it were, on that furface, and raile it into w'ririkles, 
which, if the wind continues, arc the elements of future 
waves. The fmallelt wave docs not immediately fubfidc, but 
in fubfidiiig raifes nearly as much of the water next to it. 

A fmall power, continually operating, v/ill produce a great 
aftion : fo that the firli railed waves, being continually afted 
upon by the wind, are, tluMigh the wind docs not increafe 
ill ftrength, continualjy increaied in magnitude, rifing higher 
and extending their bales, fo as to include a vaft mafs of 
water in each v^ave, which, in its motion, afts with great 
violence. But if thcio be a mutual repulfion between the 
particles of oil, and no artrattion between oil and whaler, oil 
dropt on v/ater will not be held together by adhefion to the 
fpot on which it falls ; it will not be imbibed by the water ; 
but be at liberty to expand itlclf and fpread on a furface, 
that prevents, perhaps, by repelling the oil, all immediate 
contaft ; the expanlion wnll continue till the mutual repulfion 
between the particles of oil is w'cakened, and reduced to 
nothing by their diftance. 

Dr. Franklin imagines, that the wind blow'ing over water, 
thus covered wuth a film of oil, cannot eafily catch upon it, fo 
as to ra'.fe the firft wrinkles, but Aides over it, and leaves it 
as fmooth as it finds it. It moves a little the oil, indeed, 
which being between it and the water, ferves it to Aide with, 
and prevents friftion ; hence the oil dropt on the windward 
fide of the pond proceeds gradually to leeward, . as may be 
feen by the fmoothnefs it carries with it quite to the oppofite 
fide ; for the wind, being thus prevented from raifing the 
firft wrinkles, which he calls the elements of waves, cannot 
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produce wavei, which are to be made by continually adinji 
upon and enlarging thofe elements, and thus the whole pond 
is calmed. 

Upon the whole, there is great room to fuppofc (notwith- 
ftandtng the partial failure of an experiment made at Portf- 
mouth, by Dr. Franklin, and others), that fea-faring people 
may derive advantages from ufing oil on particular occafions, 
in order to moderate the violence of the waves, or to IcfTen the 
furf, which fometimes renders the landing on a lee-fhore 
dangerous, or impradlicable. 

To this purpofe we are informed that the captain of a 
Dutch Eaft India (hip, being overtaken by a liorm, found 
himfelf obliged, for greater fafety in wearing the (hip, 
to pour oil into the iea, to prevent the waves breaking 
over her, which had an excellent e(Fe£t, and fucccedcd 
in preferving her. Phil. Tranf. vol. Ixiv. part. 2. p.445> 
See* 

OtL, in jigriculturty a fatty unAuous material, obtained 
from animal as well as vegetable fubftances. Thefe matters 
are diftinguiflied into dift'erent kinds, as ethereal or eflential, 
and fat or fixed oils : the former are acrid, volatile, odorife- 
rous, and exift in the plants in the fame dates in which they 
arc found; while the latter are fixed, deilitute of odour, and 
mild to the tafte. Thefe lad, when kept a long time, cor- 
rupt and become rancid. They do not ad upon earths, but 
readily combine with alkaline falls, with which when caudic 
th^ form vegetable foaps. 

Though tnefe matters cannot be employed by the farmers 
in their fimple dates, as being too expcnfive, and having ra- 
ther a noxious or poifonous effed, than a beneficial one on the 
growth of plants, they may frequently be ufed in the con- 
dition of compods with advantage, as has been the cafe in 
the application of various of the grofTer forts of materials of 
this nature, fuch as thofe of whale blubber, the bottoms 
and refufe of oil cafks, &c. when blended with earthy ma- 
terials, fo as to be laid upon the land in an even and regular 
manner. And in this date of combination they have been 
found, by the experiments of differcut cultivators, to form 
very droifg and powerful manures. 

The account of Mr. C. Baldwin’s trials made with the 
bottoms or foots of oil, and a rich thick South-fea whale 
ail, in the whole fixty gallons, is thus dated. 

Having a platform or bottom of twenty loads of mould, 
with eight loads of dung on it, he carried on three loads of 
light Tandy mould, and one load of brick and mortar rubbifli, 
ground fine, and having mixed thefe well, and made a kind 
of difh of it, about five feet wide and ten feet long, with a 
ladle he had put’ over it one-half of the oil. It was in 
Augud, and the warmth of the fun foon made the thick 
oil ioak into the compod, when it was directly thrown up 
in a heap, broke down again, and by five or fix turnings 
well mixed together, and left in a heap two days, when it 
was fpread equally over the whole dunghill ; twenty loads 
more of good mould were then carried on, eight loads of dung, 
and the remaining thirty gallons of oil were mixed as before, 
in Tandy mould, and brick and mortar rubbi(h, and equally 
(pread over, and the whole was covered by trimming the four 
fides of the dunghill, and throwing it on the top. And 
thus the dunghiU lay more than two months, when it was 
cut down by mattocks, carefully broke, well mixed, and 
turned over. The end of March it was carried on the field, 
fpread and ploughed in ; it lay about a fortnight, and was 
then ploughed again, and on the 2 2d of April it was drilled 
with the Rev. Mr. Cooke’s excellent drill. The field was 
drilled with barley, two bu(heU to the acre 5 the crop came 
Up in a moll even and beautiful manner ; every feed was up 
within forty -eight hours of each other ; all was ripe at the 


fame time, and, from a couple of months after feed-time to 
harveft, was rated by all who faw it, and it was feen by many, 
as a fixty buihel crop. At harveii, three rows were cut 
acrofs the field, direClly thrafhed and meafured ; cne load 
out of thirteen was alio thralhed and meafured,' and both 
dated the crop to be fixty bulhels ; but to wave all polfibility 
of difpute or doubt, he is content to date the crop at feven 
quarters per acre. As to the quality of the barley, he could 
Ivie cite the opinion of one of themofi eminent brewers in 
Dondon, who faw the crop growing, and declared he would 
readily give i oco/. to be adured that all the barley crops in 
the k?iq»dom were of equal burthen and weight ; five quarters 
of It have been lately fent to Nethrapps, in Norfolk, as feed- 
Larlcy, under the denomination of ly comb* barley ; and an 
eminent maltder tells him it weighs 2aolbs.^r fack, or yylbs. 
per buihel, Winchefter meafure. It is added, that among 
the many g' ntlemerf and farmers who faw the crop on the 
ground, was the celebrated Mr. Bakewell ; he came with 
three or four others, and walking down the field, obferved 
the hedge and bank ; the bank, upon being touched with a 
dick, run down as fand and gravel generally do, and Mr. 
Bakewell being afked his opinion of the value of the land, if 
he does not midake, valued it at iSJ, per acre, but turning to 
the crop, and deliring his friends to do lb alfo, he admitted that 
it feemed as if growing on land of 15/. or los. per acre. He 
mud not omit faying that the barley followed oats, upon a 
lay of fix years old ; that the land was, as is too common in 
fuch cafes, muchinfeded with the little red or wire worm, and 
that the oats fulFcred much from them ; when they were 
ploughing for the barley the firft time, he obferved many 
turned up by the plough, when a didant ray of hope in- 
ftantly darted upon his mind, that the foil in its then date, 
or from its drong effluvium, might prove obnoxious to them, 
and he is happy in faying, that the barley did not fuffer from 
them in the lead. 

It is further dated, that he it trying the experiment in 
Hampfhire, having lad autumn made up a dunghill, with 
twenty gallons of oil, on one-third of it for a fix-acre field, 
which is now drilled with pcafe. 

And he concludes by obferving, that it is well known 
that all animal fubdances, in a date of corruption, wonder- 
fully promote vegetation, and are the adual food of plants. 
The whale-oil which he ufed is an animal fubdance, perhaps 
the riched part of the animal ; whether he ufed enough, or 
what is the proper quantity per acre, experience mud point 
out ; fay he ufed eight loads of mould, three or four toads 
of dung, and twelve gallons of whale-oil /#racre. That 
oil applied to land, as a food for plants, in its crude (late, 
a 61 s as a poifon he cannot deny ; but his procefs is very dif- 
ferent : he believes that oil, particularly animal-oil, is the 
pabulum of plants, that is, oil fubtilized by the falts in a 
compod dunghill, left there a confiderable time in a date of 
pertrefadion, and until the whole is become putrefeentt 
th.;n he believes he has got the bed and riched manure that 
can be carried on land. The barley evidently proved its ex- 
cellence ; a ridge of fummer cucumbers in his garden pointed 
out to many its great power, the leaves being in general from 
ten, to ten and a half inches broad, and the vines occupied an 
uncommon fpace of ground. Five hundred cabbages and 
favoys, planted by the fide of four thottfand more, and 
which had only one handful of the oil manure put in each 
hole made by the dibble at the lime of planting, were evU 
dently near as big again as the others. See OiL-Comp^* 

OiL-Cofe, the cake which remains after the oil hat been 
expreiTed from flax, rape, and feme other forts of feeds. 
Cakes of the firft fort are found to be extremely beneficial in 
the fettening of cattle, (keep, and other animals, ip different 
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4iftria09 where they are made ule of upon an extenfive 
Icale. 

A recent writer has ftated, that the late advances in the 

t rice of thit article^ have pi'obably rendered it incapable of 
eing made ufc of with much profit, except in particular 
cafeB, and where manure is a principal objeA: with this 
fort of food it is the common pra6tice to give fome other 
fort of meat, fuch as hay, cut chaff, and other fubftances 
of the fame nature, and fome begin by giving to a beafl of 
a hundred flones, two cakes per day of about fix pounds 
each, for fix or eight weeks, and then increafe them to 
three, till the animals become fat: at firfl, however, as the 
animals feldom like it, much lefs may be found fuificient. 
In addition to the cake, from half a ftooe to a flonc of hay 
is given each day, the whole confumption in cake being 
about 21 cwt., and in hay 26 cwt., which at the prices pre- 
vious to the late advance on thefe articles, rendered the ex- 
peiice of winter-fattening an animal of the above fize fome- 
thing more than feven guineas : lean cattle of the fmaller 
kinds have been made perfectly fat in the courfe of eight 
or ten weeks by this fubftance in the trials of Mr. Moody. 
The cake in this application is broken down into fmall parts, 
and frequently blended with the chaff' or other fubftances 
that are made ufe of with it. On the continent, Mr. Young 
fays, linfeed cake is fometimes exhibited in a liquid ft ate, 
being difl'ufcd in hot water, and drank by the cattle, hay 
and other fubftances being given at the fame time. And in 
the LiiiColnfhire report, a method is fiigjreftcd of giving 
cake to cattle while in the pailurea in a fmall proportion, 
with great fuccefs, a praftice which may be applicable, 
w'here the cake-fed beads are not fully fattened for fale in the 
early fpring months. It is an advantage in fattening with 
this and other fimilar fubftances, that the animals may be 
completed with them at much more advanced ages than in 
other modes of fattening. 

But wherever this expenfive fort of food is employed, 
great care fhould be taken that the cakes be frefti, good, 
and free from mouldincfs. They are the beft. where the 
cxprcflion of the oil has not been carried too far, but where 
this has happened they are moftly deficient in nourifhment. 

It has been ftated by Mr. Donaldfon, that in Lancafhire, 
Yorkftiire, Norfolk, and a few other diftridis, they fome- 
times ufe oil-cakes of the latter kind, after being reduced 
to powder by means of a machine contrived for the purpofe, 
as a manure, fometimes for wheat and barley crops, but 
more generally for turnips. It is always fown by hand, and 
harrowed in with the feed. The quantity ufed is from three 
to fix quarters the acre. The price is extremely diflcrcnt 
in different diftriAs. It was then in Lancafhire from fix to 
eight (hillings the quarter, in fome parts of Yorkftiire from 
fixteen to twenty. Experience has proved, that the fuccefs 
of this manure depends in a great meafure on the following 
feafon. If rain happens to fall foon after the rape-duff is 
applied, the crop is generally abundant, but if no rain fall 
for a confiderable period, the eftefts of this manure arc little 
difccrniblc cither on the immediate crop, or on thofe which 
fuccced it on the land in the following year. 

And in an experiment Itated in the eleventh volume of 
the Agricultural Magazine, four ridges, about twenty yards 
wide each, in the middle of a large field, were alternately 
manured with lime and rape-feed cake. The quantity of 
lime was, it is fuppofed, three chaldrons to an acre. The 
part oiheaked had a quarter of a ton an acre drilled by a 
machine, which throws the oil-cake reduced to powder, and 
the turnip feed, into the fame drills. The foil was a ftrong 
dry red loam, with a few fpots of gravel inicrfperfed in 
different parts of the field. On thele gravelly fpots the 
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turnips were rather fuperior on the parts which were limed; 
but on the loam the oil-caked ridges produced, at lead, 
double the weight of thofe which were limed. 

Mr. Calvert, at Albury, when oil-cake was much cheaper 
than at prefent, found it the mod advantageous and pro- 
fitable food that he could give his cows; three cakes a 
day, with eight or ten pounds of hay, or four cakes and 
good draw, were the ufual allowance ; two were given to 
cows in calf and growing heifers : he praftifed this till cake 
advanced beyond 9/. a thoufand. How far it may anfwer 
at much higher prices, hay and butter having both greatly 
advanced, careful experiments will alone alcertain, which 
he himfelf (hould have made, but, Swedifti turnips being 
introduced and anfwcring uncommonly well, he loft the in- 
ducement to go on with the other food. Cake gave very 
good butter, and at 61 . or 7/, a thoufand was the cheapeft; 
food that could be given. Hertfordftiire Agricultural 
Report. 

Good potatoc crops have been raifed by it in fome parts 
of Lancaftiire. 

Oih-Compi^f a fubftance of the manure kind, prepared 
by incorporating different oily materials with thofe of other 
kinds. It has been highly extolled by fome cultivators, 
while others have thought Icfs favourably of its properties. 
It is probable, however, that tlie exoence of articles of this 
nature muft render their ufc very limited in moft fituations. 

But OH the fuppofition that oil rendered mifcible with 
water, conftitutes the chief nourifhment of vegetables, and 
affords their principal fupport ; Dr. Hunter of York pro- 
pofed the following oil-compoft. 

£. s. d. 

Take North American pot-afh J2lb. 040 

Break the fait into fmall pieces, and put ' 
it into a convenient veflcl with four gal- 
lons of water. Let the mixture ftand ^ 0140 

forty-eight hours, then add coarfe train- I 
oil, 14 gallons J 
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It may be noticed, that in a few days the fait will he 
diffolved, and the mixture, upon (lirriiig, become nearly 
uniform. Then take fourteen buOiels of fand, or twenty 
of dry mould. Upon ihele pour the above liijuid ingre- 
dients. Turn this compolinou frequently over, after adding 
toil as much frefh horfe-dung as will bring on heat and fer- 
mentation ; in fix monthi it will be fit for ufe. And it is 
apprehended, that the above quantity will be found fufficient 
for an acre ; his trials, howevt i*, do not give him fufficicnr 
authority to determine upon this point. But for the con- 
venience of carriage, he has directed no mure earth to be 
ufed than will cffedlnally take up the liquid ingredients. 
However, if the farmer ch lofes to mix up the compoft 
w'ith the mould of his field, he would advife him to ufe a 
larger portio.) of earth, as he will thereby be enabled to 
diftributc it with more regularity upon tlie (urface, fie 
has not yet had any extenfive trial of efficacy upon 
pafture and meadow grounds ; but he prefumes, that what- 
ever will nourifh corn, will alfo feed tlie roots of grafs. 
When u(ed upon fuch lands, it (hould be put on during a 
rainy feafon, as all top-drellings are injured by the fular 
heat, and all kinds of cattle muft be kept off the lands for 
fome time, as they will bite the grafs tiso clofe in quell of 
the fait contained in the compoft, which he has found to be 
the cafe in fmall trials. 

It is added, that the oil-compoft is only intended to 
fupply the place of rape-dull, foot, woollen rags, and other 
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cxpenfive hand-drelfiiiM. It is in all refpeds inferior to 
rotten dung: where tnat can be obtainea» every kind of 
manure muft give place to it. But at the fame time that 
dung affords nourimment» it opens the pores of the earth. 
Hand-dreflings, on the contrary, give food to plants, but 
contribute little towards loofening the foil. This is an ufe- 
ful and pra^ical diilinftion, and may be applied through all 
the vaiiety of manures made ufe of by the farmer. And it 
is prefumed, that the oil-corn poll refembles the natural food 
of plants ; but he fubmits that, as well as every thing clfc, 
to experience our unerring guide. It may be obje^led, that 
it has not fufEciently undei^one the putrid fermcnl, to at- 
tenuate the oily particles. Tin* ufe of rape-dull, foot, horn 
{havings, and woollen rags, takes off that objedion, and at 
the fame time confirms the theory upon which the above 
compofl is founded. But he does not take upon him to 
direft the experienced farmer in the manner of uling this 
new compoft. He would have every perfon apply it in the 
way moll agreeable to himfelf. Many things will occur to 
the pradicai hulbandman, that no rcafoning of the philo- 
fopher could forefee. By attending to the different ways 
of ufing it, we may, it is fuppofed, reap confiderablc ad- 
vantages. Improvements may be colledcd even from the 
bighelt degree of mifmanagement. And f^tAs mull ever be 
the foundation of our rcafoning. Without them, the phi- 
lofopher is a kind of ignis fntuus* Inllead of unfolding 
nature, he covers her with a cloud, and endeavours, as it 
were, to bring old chaos back again into the world. If, 
however, he fliould prefumc to inllruA the farmer in the 
management of the comport, he would recommend it to be 
fown immediately after the grain, and both harrowed in 
together. 

The following experiment is rtated, which, though trifling 
in its own nature, gave him the firft encouragement to pro- 
fecute the fubjeA upon a larger fcalc. He took four pots, 
Nos. I, 2, 3, 4. 

“ No. 1. contained I2lb. of barren Tandy with i oz. of the 
fand oil-comport. 

“ No. 2. contained 1 2lb. of fand without any mixture. 

“ No. 3. contained i2lb. of fand, with Joz. of flaked 
lime, 

‘‘ No. 4. contained i2lb. of fand, with 40Z. of the fand 
oil-comport.*' 

And in the month of March he put fix grains of wheat 
into each pot, and during the fummer occtuonally watered 
the plants with filtered water. All the time that the plants 
were confuming the farina, he conld obferve but little dif- 
ference in their appearance. But after one month's growth, 
he remarked that No. i . was the bell ; No. 2. the next ; No. 3 . 
the next; No. 4. much the worft. And in Augull he made 
the following obfervations ; No. i. had five fmafi ears, which 
contained a few poor grains. No. 2. had three fmall care, 
containing a few grains, much inferior in goodnefs to the 
former. No. 3. had no ears. Only he obferved two very 
fmall ones within their rcfpcAive (heaths, which for want 
of vegetable ftrength never made their appearance. No. 4. 
had no cars ; the fialks appeared ftunted in their growth. 

He then removed the plants from their pots, and took 

a view of the roots of each. 

No. I. The roots tolerably large, and well fpread. 

“ No. 2. The roots not fo large. 

No, 3. The roots very (hort and fmall. ^ 

“ No. 4. The roots much the fliorteft, with the appear- 
ance of being ricketty." 

Upon this experiment it is fuggefted, 

« I. That the oil-compoil may be confidercd as a vege- 
table food I buttjs when ufed too liberally, the alkaline 
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fait will bum up the roots of the plant, and hinder vegeta^ 
tion. For which reafon he would recommend the coinpoff 
to be expofed to the influence of the air for fome months, 
before it is laid on. 2. That lime contains no vegetable 
food, and is, in its own nature, an enemy to vegetation. It 
is, however, of excellent ufe in aflirting vegetation.” 

Thefe experiments teach him, that all kinds of foils may 
be benefited by this manure. The limeftone, gmvclly, fandy, 
and chalky foils feem to require it mod. The rich loams 
ard good clays have nourimment within themfelves, and 
ffand more in need of the plough than the dung-hill. And 
it is noticed, that it is obferved by farmers, that rape-duff 
feldom fuccecds with fpring-corn, unlcfs plentiful rains fall 
within a few weeks after fowing. He has more than once 
made the fame obfervation upon the oil-compoft, which in- 
duces him to recommend it for winter crops only. From 
the unAuoiifncfs of its nature, it is more than probable, 
tlrat it fliould lie expofed for a long time to the influence of 
the weather, which benefit it is deprived of when ufed for 
barley, and fuch crops as arc fown late in the fpring. He 
is confirmed in this idea, from repeated expti iments made 
with the comjiort upon turnips, which generally proved un- 
fuccelsful. And at tlie fame time be invariably found that 
tbofe parts of the field on which the compolt had been fpread 
produced the bell crops of grain the following year. From 
this flow manner of giving its virtues, it feems to be an im- 
proper drefing for all plants that have a quick vegetation. 

Qi) the wlnne it is concluded, that the oil-compoft, as it 
plentifully rellores particles of the oily kind, fimilar to 
thofe that are carried off, has a fair appearance of proving 
an excellent reftorative. 

The following experiments iu fupport of the utility of 
this fort of manure arc Hated. In the mor th of June he 
feleAed four lands of equal goodnefs in a field inier^ded for 
turnips. The foil was a light fand, with a fmall portion of 
vegetable earth amongft it. It was ploughed out of fward 
in November, and had not borne a crop for many years. 
He diftinguiihed his experimental lands by Nos. i, 2, 3, 4. 

No. 1. was manured with rotten dung. 

No. 2. with oil-compoft. 

No. 3. with lime. 

No. 4. was left without any drefling. 

On the 20th of June they were cdl lown with turnip-feed, 
broadcaft, and during the courfe of the fcalon were twice 
hoed. 

In November he viewed the field, ard made the follow- 
ing remarks : 

1— the beft. 

2 — the next. 

3 — ^tbe worft. 

4— -better than N'^ 3. 

« Here he fuppofes the oil-compoft appears in a favdur- 
able light ; but other trials, made with equal accuracy, feem 
rather to prove that it is not proper for turnips, barley, or 
quick growing vegetables. It requires being meliorated by 
the aAion of the atmofphere, and therefore is better adapted 
to winter crops.’* But by repeated experiments made fincc 
he firft brought forward this manure, he is “ convinced that 
the addition of an alkaline fait is not fufficient to alter the 
nature of foil, fo as to make it fully capable of entering in 
to the roots of plants in its native form ; but when decom- 
pofed by the mixture of frelh dung, he is convinced that it 
then becomes the true pabulum of plants.” 

It is fuppofed that “ when the land happens to be ftiffw 
than is required for turnips, it may be good hufbandry to 
lay upon ir a large quantity of lime to open its body for the 
free admiiiion of the tap-root of the turnip. The land^ will 
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tlfo be rendered more dry, without which the turnips will 
never arrive at any fize. Farmers, in general, take great 
pains to pulverize their light foils intended for turnips ; but 
they feldom plough deep enough. A turnip is found to 
root deep, and in all operations of hufbandry wc (hould be 
careful to follow the bias of nature. It is for that reafon 
we ought to make ourfelves acquainted with the fize and the 
(hape of the roots of fuch plants as are the objeds of field 
iiulbandry : when once we have obtained that neceflary 
knowledge, it will be an eafy matter to fuit the preparation 
of the foil to the nature of the grain. It will alfo enable us 
to dired the variations of our crops upon juft and rational 
principles.'* 

But in Mr. StOTin’s trials with oibcompoft in 1769, the 
rcfults were thefe : 

I'rtKiucf. 

X s. iL Q. B. P. 

“ One acre, Town with barley, and q ,3 o c c o 

manured with oil-compoft - ^ ^ 

« One acre adjoining, fown with 

barley, and manured with rotten 4 3 

dung, twelve loads, worth 

Difference 112 

And the compoft barley was bolder and better corn than 
the other. In the year 1770, the dunged acre produced of 
rye, three quarters. The compoft acre, of ditto, two quar- 
ters fix bufhels. And in the year 1771, the fame lands were 
fown with oats, and the produce was greatly in favour of 
the dunged acre. This lali experiment, being contrary to 
the idea of good hufbandry, was made with a view to deter- 
mine the abfolute ftrength of the compoft. All top-dreff- 
ings are exhaufted in the year. The oil-compoft feems to 
refai 1 its vigour longer. It will here be proper to obferve, 
that thefe experimental lands were in a common field, which 
had been many years under the plough. 

Alfo in Mr. Townlcy's experiments, they were as below. 
In the fpring of 1770, he prepared a piece of ground for 
onions. It was laid out into fix beds of equal fize, and all 
fown at the fame time. 

“ Over two of them, the oil-compoft was fcattcred in a 
very moderate quantity ; over the other two, pigeon-dung ; 
and over the remaining two, fome of his weed-compoft, which 
he efteems one of the belt manures, for moll vegetables, 
that can be made.^' It is compofed of vegetable fubftances 
reduced into a putrid ftate. “ The onions came up very 
well in all the beds ; but, in about fix weeks, thofe that 
were fed with the oil-compoft plainly diftinguifhcd the ad- 
vantage' they had over the reft, by their fuxuriancy and 
colour ; and at the end of the fummer perfected the fineft 
crop that he had ever feen, being greatly fuperior to the 
others both in quantity and fize.'' 

In another experiment with it in this crop, his fuccefs was 
ftill tnuch greater though the foil was worn out. The oil- 
compoft was ufed as a top-drefling after the crop was fown. 

The fame fpring he made an experiment upon four rows 
of cabbages, fet at the diftance of four feet every way. 
Two were manured with the oil-compoft, and two with his 
own. All the plants were unluckily damaged, juft before 
they began to form, by fome turkies getting into the field, 
and plucking off the greateft part of the leaves. However, 
they fo far recovered as to weigh, in the September follow- 
ing, from 2 albs, to zSlbs. a- piece. The rows proved fo 
equal in gnodnefs that he could not determine which Kad 
the advantage.** 

And ** the fame year one part of a field of wheat ex- 
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pofed to the north-eaft winds, which that fpring continued 
to blow for a month or five weeks, appeared very poor 
and languid at the time of tillering. Over it he ordered 
fome of the oil-compoft to be fown with the hand, which 
not only recovered, but alfo puftied forwards the wheat 
plants in that part of the field, fo as to make them little 
inferior, if any, to the reft." 

The fame fpring he “ made a comparative experiment 
upon four contiguous lands of oats, between the oil-compoft 
and his own weed-compoft. The latter had manifeftly the 
advantage, though the other produced a very fine and large 
crop. He alfo tried the oil-compoft upon carrots, and it 
anfwered exceedingly well. He did the fame this year 
(1771 ), both upon them and his onions ; and has the fineft 
crops of thofe vegetables he ever faw any where upon the 
fame compafs of ground." 

Mr. Roebuck, in trying this manu^'e in gardening, planted 
twelve alleys, that lay between his afparagus beds, with 
cauliflower plants ; each alley took up about thirty plants. 
One of the alleys he let apart for an experiment with the 
oil-compoft, prepared as above. 

About a handful of the compoft was put to the root 
of each cauliflower plant. In all other refpe6U the alley 
was managed like the reft. The plants in general flowered 
very well ; but thofe to which he applied the compoft, 
fprung up haftily with fmall (talks, and produced very poor 
flowers. He imputed this unfavourable appearance to the 
freflinefs of the compoft, which was only a few weeks old. 
In all future trials, he intends to expofe it to the adtion of 
the air, in order to abate the heat, and neutralife the acri- 
mony of the fait." 

But “ in the September following this unfuccefsful ex- 
periment, he planted the fame alleys with early cabbages. 
The neceflity of meliorating the compoft was in this trial 
fully confirmed. For the cabbages that grew upon the 
alley, which in May had received the compoll, were larger, 
and in all refpeds finer, than the others. The idea that he 
entertains of the compoft is, that when meliorated in the 
earth, it is capriblc of giving a richnefs and frefhnefs to it. 
Upon this principle he would recommend it to gardeners as 
a fubjeCl worthy of further trials. 

Although ihele experiments fufficiently fhew, that fub- 
ftances of this fort may be ufed with advantage in the way 
of manures, their expence mu ft in mod cafes prevent their 
being made ufe of to any great extent. 

OiL-Manurcy fuch as is conllituted of oil with other ma- 
terials. The cv.mpotition of a manure of this kind, which 
has been faid to be highly beneficial, with the expence for 
one acre of land in 1792, is thus ftated : 

£ s, d. 

Rape or train-oil fix gallons, at u. 6J. - o 15 o 

Sea-fand fix bufhels, at 2^/. - - 010 

Coarfe fait two bufhels, at 1/. • - o a o 

Malt coombs 24 bufhels, at 4^r/. - - 090 

170 

In the preparation of which, it is advifed to fpread the 
coombs on the floor about four inches thick, then to fprinkle 
the fait as level as poflible, throwing on half the quantity of 
fand and half the quantity of oil out of a watering-pot, 
turning it and raking it well, afterwards to add the reft 
of the oil and fand as before, turning it well till thoroughly 
mixed, and then throw the wlu le into a heap for ufe. On 
this it is fuggefted, that as the prolific quality of oil-cake 
is only in proportion to the oil it contains, this compofition 
muft be preferable, having a much greater quantity of oil 
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in it ; tnd ts m«lt coombs are a manure of themfeWeit efpe- 
cially for turnip land* at about eighty or ninety bulhelt 
piT acre* he dares venture to aflert, that twenty-four bufhels 
with the addition of oil is equal to the above quantity* or 
even to the twelve loads of muck. The fand and fait 
mixed with it* not only occafion it to imbibe the oil more 
freely* but likewife give it a better body for the conveniency 
of fpreading on the land. And though feme may think the 
quantity of fait is too little, he is convinced of the contrary* 
having found by experience that a ton or even a ton and a 
half has not anfwered fo well as three or four hundred. The 
cafe is very limilar with regard to lands near the fait marfhes, 
where the tide fometimes overHows them* and it is well 
known by thofe who occupy fuch lands that nothing will 
grow for three or four years, but afterwards they become 
very fertile. The reafon he (hall not take upon himfelf to 
give* but he has found it fo by his own experience. The 
writer concludes by obferving, that fome farmers have ufed 
only half the above quantity per acre* notwithdanding which 
they had good crops. But it has been obferved that the 
extra expence makes againil its becoming generally ufeful 
from the great price of oil, and the expence of the carriage 
of fea fand and drofa fait, in mod inland fituations. See 

OlL^Compqfi. 

OlL-Paint, in Rural Economy , that fort of paint which 
is compofed of oil, and the oxyd of lead) or fomc other 
(imilar fubHance* to form its balls, or give it a body, and 
which is ufed for various farm purpofes. 

But the great expcnce of paints of this fort has led lately 
to the introduftion of many other materials, for the pro* 
te£lion of wood work, and boarding of different kinds, fuch 
as preparations from foifil coal, &c. But a great objc6lion 
to all thefc fubllances, befides their cx pence, is the highly 
difagreeable fmell that they afford, and their liability to crack 
and blider. 

In cafes where oil painting cannot be had recourfe to, ei- 
ther becaufe it does not dry foon enough, and has an infup- 
portable fmell, or becaufe it is too dear 5 the following me- 
thod has been employed by Mr, Ludicke for painting ceil- 
ings, gates, doors, and even furniture, with great fuccefs : 
it is thus prepared, take frefh curds, and brttifc the lumps 
on a grinding-done, or in an earthen pan, or mortar, with a 
fpatuTa. After this put them in a pot with an equal quan- 
tity of lime, well quenched, and become thick enough to 
be kneaded ; dir thif mixture well without adding water, 
and a white coloured fluid will foon be obtained, which may 
be applied wath as much facility as varnilh, and which dries 
very fpeedily. It mud, howe%’er, be employed the fame 
day* as it will become too thick the next day- And with 
this ochre* armenian bole, and all colours which hold with 
lime, may be mixed according to the colour which is wufhed 
to be given to the wood ; but care mud be taken that the 
addition of colour made to the fird mixture of curds and 
lime contain very little water, otherwife the painting wnll be 
lefs durable. 

In performing the work, after two voats of tins paint 
have been applied, it may he polilhed with a piece of woollen 
cloth, or other proper fubdance* and will become as bright 
as varnifh. 

It is aflerted that this paint, befides being cheap, has 
other advantages ; in the fame day two coats may be bid on 
and polilhed, as it dries fpeedily, and has no fmell. If it be 
required to give it more durability in places expofed to 
motdure, it may be done after it has been polilhed v i h the 
white of an egg ; which is faid to render it as durable as the 
bed oil painting that can be employed. And another fub- 
ftituto that ,W3y be ufed for painting weather boarding is 
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prepared by taking three parts air. flaked lime, two of wood- 
afhes, and one rf fine fand or fea-coal alhes, fifring them 
through a fine fievc, and then adding as much linfced oil as 
will bring it to a confidence for working with a painting 
brulh : yreat care mud be taken to mix it pcrfcdly. It is 
impenetrable to water, and the fun hardens it, and renders 
it a great p’^ferver of the wood. 

Another compofition hns likewife been made ufc of with 
great benefit to paint boards, Stc. which is made in this way. 
Melt twelve ounces of rofin in an iron pot, adding three 
gallons of train eil* and three or four rolls of brimdone | 
when melted thin, as much Spanilh brown oth ‘e firll ground 
fine with as much of the oil as will give the colour, flu uld 
be added; it fhould be laid oti with a brulh as hot and as 
thin as poflible, and fomc days after the firli coat is dry an- 
other applied. It will preferve planks for a very great length 
of time, as well as other fubllances. 

The kinds of oils, their properties, manners of expreflion) 
&c. are numerous : for the generality of them* the reader 
is referred to the proper articles. 

Such as could not be more conveniently inferted* arc as 
follow. 

Oil of the Almond^ in the Materia Mediia, is obtained 
cither from the fweet or the bitter almond, that from the one 
or the other being equally free from bitternefs. The almonds 
are put into a coarfe hempen or hair fack, and (haken vio- 
lently, in order to detach, by fridtion with one another and 
againil thefidesof the fack, the outer-brown (kin* w^hich ia 
apt to give a bitter tafte to the oil ; they arc then bruifed 
and made into a palle, and prefled in the ufual manner* 
The London college diredls the almonds to be macerated in 
cold water for lanours, and then bruifed; and the oil is 
afterwards to be cxprelTed without heat. The Edinburgh 
college orders any quantity of almonds to be bruifed in a 
ilone-mortar, and then put into a hempen fack ; the oil is to 
be exprefled without heat. The Dublin college prepares 
this oil by bruiling the frefh almonds in a mortar* and ex- 
prefling it by a prels, without heat. Sixteen ounces of almonds 
yield about live ounces of a bland inodorous oil* of a very 
(lightly fweetilh tafte, which is at firft turbid, but foon be- 
comes clear. About Jiii more may be obtained by impreg- 
nating the marc with the (learn of boiling water. The co- 
lour of this oil is very pale grcenilh-yellow, and its fpecific 
gravity .932, Fabroni ; .917, Aikin. The degree at which 
It congeals is varioufly Hated at 19^ Fahr, and 8 ’ Fahr. It 
is faid that the oil from the bitter almond keeps longer with- 
out growing rancid than that from the fweet almond. This 
oil is demulcent and emollient* and ufed in coughs and other 
pulmonary complaints united with water by means of muci- 
lage, or the yolk of egg and fugar. A mixture of f.Jiv of 
almond oil, Tq viii of acetate of lead* forms an ufeful inje^ion 
at the commencement of gonorrhoea. The dofe of the oil 
is from f. Jiv to f See Almond. 

Oil ^ Amber of the London college is obtained by put- 
ting the amber into an alembic* and dtftilling from a (and- 
bath, w'ith a fire gradually rai fed, an acid liquor, the oil, and 
a fait impregnated with the oil ; then re-di(lilling the oil 
twice. 

The purified oil of amber of the Edinb. difpenfatory it had 
by diftilling oil of amber* mixed w ith fix times its weight of 
water* from a glafs retort, until two thirds of the water 
have pafleil into the receiver ; then feparating this purified 
volatile oil from the water, and keeping it in well flopped 
velfels. 

The reSified oil of amber of the Dublin pharmacopeia is 
prepared by taking a pound of the oil which comes over in 
the preparation of fuccinic acid) and flx pints of water) and 
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dillilling until two-thirds of the water have paffcd into the 
receiver, and feparating the oil. This oil is of a dark co- 
lour, tliick confidence, and fcetid odour ; but by fucceflive 
dilbllations, it is rendered thinner, of a lighter colour, and 
at length nearly limpid. Redified oil of amber has a itrong 
ungrateful odour, and a hot acrid talte. It is light, vola- 
tile, and inflammable, infoluble in w^ter, and only partially 
foluble in alcohol. As to its medical properties, it is fti- 
mulant, antifpafmodic, and rubefacient. It has been found 
ferviceable in deficient menftriialion, and in hyderia, epilep- 
fy, and fome other coiivulfivc affections; but it is now 
fcarcely ever ufed as an internal remedy. The dofe may be 
from n], V to lit combined by means of mucilage with 
any dilUlled water. It is more generally employed as a ru- 
befacient in rheumatifm and paralyfis ; and a mixture of 
of this oil with f.Jfs of tinCtiire of opium, has been 
found beneficial as a friCtion to the affeCfed part in tic do- 
lo^rcux ; and in hooping-cough, rubbed upon the cheft two 
or three times a day. The officinal preparation is the Spi- 
HiTUs Ammomx Suednatus of the London college. See 
Amber and Succinic Add. 

Oils, Animals in general, are thofe that are obtained from 
animal fubdances, either in the Hate of butter and fat, un- 
combined with the other principles of animal matters ; of 
which kind are fat, marrow, the expreffed oils of yolks of 
eggs, fpermaccti, &c. Or, in a date of combination, af- 
forded by didillatiun of the gelatinous fubdance, which forms 
almod entirely all the parts cumpoling animal bodie'^, as iledi, 
tendons, nerves, cartilages, bone§, horns, hair, &c. See 
0\\.y/upra» 

Oil, Animal^ Oleum Animale^ in a more redrifled fenfe, 
the name of art cffcntial oil diddled by a retort from blood, 
and formerly recommended as a powerful internal remedy in 
cpileplies, the gout, and other obdiiiate difeafes. 

It was originally ufed in Germany in thefe intentions. As 
an external, it may probably be of good fervice in re- 
moving fixed pains, hard tumours, &c. for it is extremely 
penetrating. 

Oil, Volatile^ AnimaU or Dippel's o\L (See DiPPtx’s 0 / 7 .) 
If albumen or gluten be diddled at a dry heat, there arifes, 
together with the ammonia and carburetted hydrogen, a 
quantity of foetid black oil, which was the fubjedi of va- 
rious experiments, fird by Dippel, a chemift of Berlin, and 
afterwards by Rouclle. From the ' concurrent labours of 
the enquirers, it appears that if this oil is resided by three 
fucceffive didillations from the furface of water, it becomes 
at length quite coiourlefs and iranfparent ; iU odour is 
powerful, but fomewhat aromatic, and it is nearly as light 
and volatile as ether. It contains a little ammonia, and 
lienee changes the colour of fyrup of violets green ; it is 
fparingly foiublc in water, and largely fo in oils, ether, and 
alcohols. It combines both with acids and alkalies into im- 
perfe£i foaps ; it is very indammable, and, like the vegetable 
cffential oils, may be let on iire by ttrong nitrous acid. If 
expofed even to the light, it is partly decompofe 3 , lofing its 
tranfparency, and becoming of a brown colour. It was 
formerly employed in medicine ; but is now wholly difufed. 
Aikin’s Did. 

Oil of Ant fe feed. (See Anisb>S££D.) This oil is 
given as a carminative, and for relieving flatulence in chil- 
dren, from iq, v to xv triturated with fugar. The offici- 
cinal preparations are tindura opii ammoniata of the Edin- 
burgh college, and tindura opii camphorata of the Dublin 
college. Tinct ur». 

Oil f Andmonv, a name given to the butter of antimony, 
and fome other folutioni of antimony by acids. See Anti- 
mony. 


Oil of Arfenic. See Arsenic. 

Oil of Afpic^ or Spike. See Spike. 

Oil of Balm. See Balsam and Melissa. 

Oil of Bays is an eflential oil, obtained from the h(*rnts of 
the bay, or Laurus NohUis. Thefe berries give out to 
the prefs an almod infipid fluid oil ; and on being boiled in 
water, a thicker butyraceous one, of a yellowifh-gregn co- 
lour, impregnated with the flavour of the berry. The ber- 
ries and leaves of the bay are accounted domachic, car- 
minative, and uterine : with this view, infufions of the 
leaves are drank as tea, and the eflential. oil of the berries is 
given on fugar, or diflblved by means of mucilages, or in 
Ipint of wine, from one to five or fix drops. But theprin- 
cipal ufe of thefe fimples in the prefent pradice is external : 
they are made ingredients in carminative glyders, warm ca- 
taplafms, and uterine baths ; and the butyraceous oil of the 
berries ferves as a bafis for fome nervine liniments, and mer- 
curial and fulphureous unguents. Lewis. See Daphne- 
la:on. 

Oil ^ Beechy See Beech-oiV. 

Oil of BeeUf or Ben. See Ben. 

Oil, Birck, a vegetable empyreumatic oil, prepared m 
Riiflia, by chah’ing birch-wood in a clofe oven, the watery 
acid and oil being colleded in a large receiver ; and the latter 
produd being the lighted, is fkimmed off from the furface 
of the water. This oil has a peculiar feent, and is faid to 
drive away worms and other infeds ; on which account ir is 
ufed in the drefling of Ruflia leather, to which it communi- 
cates thofe properties that render it fo much efteemed by the 
binders of book*?. 

Oil, Briti/bi an empirical medicine of the fame nature 
with the petrolca ; the genuine fort being extraded by 
diffillation from a hard bitumen, or a kind of llone-coal, 
found in Shropfliire, and other parts of England. Lewis. 

Oil, or Butter^ of Cacao. See Cocos. 

Oil., Cajeput. See C A JEPUT and Melaleuca, 

Oil of Camphor. See Camphor and Laurus. 

Oih of Caraway. (SccCakua.) Six pounds of cara- 
way-feeds yield 4^ ounces of oil, which has an aromatic 
odour, and a fweetifh pungent tafte ; it is vifeid, and of a 
yellow colour ; its fpecific gravity is .946. This oil, >\'hich 
is ffimulant and carminative, is chiefly ufed ns an adjund to 
purgative pills, and for covering the dif igrc*eable flavour of 
other fubftances. The dofe is from iq, j to x. The offici- 
nal preparations are eleduarium fennae, confedio fcammonii, 
pilulae aloes comp., and pilulac aloes, ciim myrrha. 

OiL^ Cqjlor. See Castor and Ricinus. 

Oil, Cardamom. See Cardamom. 

Oil, Catf ic. See Arsenic. 

Oil of Chamomile^ an oil diftilled from anrhemis or cha- 
momile. Its odour is unpleafant, and its taffc pungent. 
When recently diililled, its colour is a cerulean blue, which 
changes by age to a deep yellow. Eighty-two pounds of 
chamomile-flowers yield 18 drams of oil. This oil is fup- 
pofed to poflefs antifpafmodic powers, and is therefore 
ibmetimes recommended in cramp of the ftomach, and as an 
adjund to purgative pills. The dofe is from Tq, v to ?q x, 
but it is feldom ufed. See Anthemis. 

Oil of Cinnamon. Sec Cinnamon. 

Oil of Cloves. See Caryofhyllus. 

Oil of Cole-Seed. See QoLJC-Seed. 

This oil, and alfo thofe of muftard-feed, rape-feed, and 
funflower-feed, are lefs coloured and lefs highly flavoured 
than thofe of linfeed and hemp-feed. They are very little 
liable to dry by expofure to the air; and thefe circum- 
ftances, together with their moderate price, induce a large 
confumption of them by the wool-dreflerB, in order to pre- 
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fervc the wool from the attacks of moths and other infers ; 
and alfo by the leather-dreflcrs. 

Oil, Connedingf a term ufed by Boerhaave, and his fol- 
lowers, to exprels a certain oil, found in all vegetable fub- 
ftances, but wholly different from, and independeiit of, their 
effential oil. This is not poffeffed of any of their virtues or 
qualities, but feems the fame in all plants, and is the means 
of their confidence and folidity, giving tenacity to their 
earth, which, without it, falls to dull, and the plant exiils 
no more. 

This oil is not feparable by boiling water, as the effential 
oil is, but only by fire : when a plant has been boiled and 
diililled, its effential oil, fait, &c. are all carried off, and 
what remains is only the earth corrected by this oil. This 
being expofed to the fire, the oil difeuvers itfelf in a thick, 
black, ftinking fmoak, and, finallv, taking fire, it burns 
away, and leaves only the earth, which was the bafis of the 
plant ; retaining its form, indeed, if the procefs has been 
carefully made, but falling into a fiiapelefs powder only on 
being roughly breathed u])c)n. 

This great author, therefore, ellablifiics it as a rule, that 
there are three forts of oil in plants, i. An oily froth. 
2. The effential oil, diffolvcd in decortion. And, 3. This 
coniiedting, or confolidating oil, feparable only by a naked 
lire. 

Oil, Cornel, a fixed oil refembling olive oil, by being 
contained, not in the feed, but in the pulpy fruit of the 
vegetable. The berries of this flirub (Cohnus 
being collc 6 fed wdien quite ripe, and laid in heaps for a few 
days to mellow, arc to be reduced to a pulp, and preffed 
without heat in the ufual manner. By this treatment, from 
22lb8. avoirdupois may be obtained fomewhat more than 
four wine pints of a fat, fomewhat vifcid, oil, of a bright 
green colour, and equally dcititnte of any unplcafant flavour 
as the bed olive oil. When heated wdth nitric acid, it is 
converted to a browm-yeilow butter or w^ax. By boiling 
with litharge, it becomes drying ; when fpread thin on 
water, and expofed to the air for a month, it is converted 
into a white wax. It does not freeze lo readily as olive oil, 
and lafts rather longer than this wlien ufed in a lamp. 
Aikin's DkI. 

Oil of Cumin. See Cuminum. 

Oil of Dill. Sec Ankthum. 

Oils, Drying, Sec Ou., Jupra. 

Drying o'ls are fo’.med of luilecd oil, prepared by means 
of Ix iling, fometimes with and fometimes without the adili- 
iion of other fubftances. Thofr coinmonly added to oil, in 
this preparatioi!, arc white vitr’ol, fiigar of lead, feed-lac, 
gum mailic, gum Ondarac, gum anime;, gum copal, umbre, 
colcothar, litharge, and rerldeid. A drying oil for the 
nicer works may be prepared by boiling two ounces of gum 
fandarac, whue vitriol, and fupar of lead, of each one 
ounce MI a pint of nut or poppy oil, till the folid ingredients 
be dillblved, ;md the mixture becomes of the colour ot lin- 
feed oil. Fo'* coarler work, take one gallon of liufeed oil, 
one pound of litharge of gold or filver, halt a pound of 
white vitriol, and fugar of lead, gum arabic, and umbre, of 
each a quarter of a pound ; boil them as long as the dif- 
colouring of the oil, which is the gradual conlVquence of 
boiling, ' vnll allow. That made for fale is prepared by 
boiling one gallon of linfeed oil, and one pound a«jd a half 
of recf-Icad, as long the colour will bear it. When the 
caixos of lead are united in fniall quantity wi*h oil, they 
diminifh its fluidity, and difpofe it to dry more readily. 
Thefc oils are much ufed in painting, on account of their 
di’yiiig quality. When a large quantity of calxes of lead is 
ccmbined with oil, they form wuh it a folid, opaque, and 


tenacious body, capable of foftentng by heat# Thefe com- 
binations are ufcful in pharmacy, for giving a convenient 
confidence and tenacity to many plallers. 

Oils, Dipilled^ are the volatile oils, fo called in the 
Londen pharmacopeia. For preparing them, they direft 
that the feed? of anife and caraw'ay, ihe flowers of chamo- 
mile and lavender, the berries of juniper and all-fpice, the 
tops of rofeniary, and the entire plants of the other articles, 
dried, are to be employed. Any one of thefc is put into 
an alembic, and as much water poured in as will cover it ; 
and then the oil is diililled into a large refrigi ratory. The 
water which diftils over with the oils of pepper-miiit, 
fpear-mint, all-fpice, and penny -royal, is to be pn ferved 
for life. 

Oil of the Earth, Oleum Terra, in the Materia Mcdica, 
the name of a thick mineral fluid of a dnfley brown fli-biack, 
with a faint cafi of purple, and of the confillciu'e of a thin 
fyrup, very little tranfparent, and cf a ftrong pei'ctrating 
fmcll, like that of common oil of amber, li oo/cs f>nt of 
the cracks of rncks, in fcvcral parts of the ifland of Su- 
matra, and fome other parts of the Fall Indies, and i.. .nuch 
clleemed lliere in parilyfic dif'rders; but it is leldom im- 
ported into Kngland; v^hat our Fail India furgeons and 
ciiptaiub ufually bring over under this name being only a 
vegetable oil, impregnated with the virtues of certain of 
their foffils by boiling. See Pf.tkol. 

Oil, Empyreumatic. See Oil, and EMPYnj?UMA. 

Oils, Effential, are thofe which have evidently the Imell 
of the vegetable from which they arc obtained. All thefe 
oils are fufficiently volatile to rife with the heat of boiling 
water ; and this degree of volatility is one of their Ipecific 
charadters. Sec Oil, fupra. 

The oils of plants have not always the fame taffes with the 
plant they are diflilled from, or, at Icall, not in the fame 
degree. Nothing is moie bitter than wormwood, yet the 
oil of wormw 'ud has no remarkable bittcrnefs. Anife, 
which is of a fweet tailc, yields, on the contrary, an oil in- 
fimtely more fweet tluui the feed ; and pepper, which is fo 
remarkably hot and acrid, aflbrds an oil no way remarkable 
for its pungency. Thyme, whith is in hlelf very acrid and 
pungent, conveys that property, in a yet greater degree, to 
its oil ; there is, indeed, no effential oil fo acrid and fiery as 
that of this plant. The fetid t jls drawn m dry diliiilation 
by the retort, in an open tire, no way dider from thefe but 
by the damage the fire Il'S done them, uid may always be 
converted into iliefe by rep' tted diflilid*’ionn. Nay, the 
very fat 01b, fuch as that of nlmnnd ,, may be aftnuat.'d fo 
far as to become as fine, and as fubtilc, as the i ffential oils. 
Thi 1 to be done by means of quick-lime ; and feveral re- 
peated ditiillations of this oil, or any other of a ’ike kind,- 
vviih frrfh lime to every dill illation, will reduce it to be vola- 
tile, penetnting, and capiiMe of being railed, and diililled, 
by iijcaiiK of water, which is the greateft tell of the effential 
oiU. Th ‘ bituminous and fi;tid oih-i may alfo, in the fame 
manner, be reduced, by icpcated diflillatlons, to the Hate 
('f tV effential ones, and to ho equally fluid and limpid, and 
equaUy penetnting. Memoirs Acad. Par. 1721. 

The* efl’ential oils of vegetabh's may be divided into two 
claffes, according to tlu*ir different fpecific gravities, fome 
floating upon water, and others readily finking to the bot- 
tom thereof. Thus the effential oils of cloves, cinnanion, 
and faffafras, readily fink ; but the oils of lavender, mar- 
joram, mini, &c. fwim ui>on the water. The lightcll of all 
the effential oils is, perhaps, thac of citron peels, which even 
floats on fpirit of wine ; and the heavieit of them feems to 
be the oil of faffafras. 

For the obtaining the full quantity of the more ponderous 
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oils from cinnamon, cloven, faffafras, &c. it is propCT 
I. To reduce the fubjefts ro fine powder. 2. To digefl this 
powder for fome days in a w.im\ place, with thrice its quan- 
tify of foft river water made very faline with the addition 
of fea-falt, or fliarp with oil of vitriol. 3. To ufe the dc- 
codion left in the itill, inftead of common water, for a frefli 
digcftion. 4. To ufe alfo, for the fame purpofc, tlie water 
of the fecond running, after it has been cleared of its oil. 
5. Not to dillil from too large a quantity of the fubjed at 
once. 6. To leave a confiderable part of the ftill empty. 
7. To ufe a brifle fire, or a llrong boiling heat at firh, but 
to flacken it a little afterwards. 8. To have a low flill head, 
with a proper internal lodge, and current, leading to the 
nofe of the worm. And, 9. To cohobate the water, or 
pour it back upon the matter in the ftill, after feparating its 
oil, and repc*ating tins once or twice more. 

The vegetable world affords vail variety of effential oils, 
moll of them very odorous, and of great virtues; but dif- 
ferent vegetables yield .oils of different confiltence, and in 
different quantities. 

Thefeoils are employed in painting, in fpirltuous liquors 
ufed at the table and at the toilette, in perfumes, and in me- 
dicine. As they ad very powerfully, fmall dofes, as from 
one drop to four or ftvc, incorporated with I'ugar, mutt be 
given internally. They are recommended as cephalic and 
antifpafmodic, in convullivc and hytterical affcdions : they 
are alfo ftimulant, fudoriiic, and ftrengthening. All drugs 
which are alexipharmic, cephalic, tonic, and ftomachic, con- 
taining vegetable aromatic, derive their virtues from the cf- 
fentialoils pf t he fc vegetable*;. The fame maybe faid of 
ill medicinal, aromatic, and fpirituoiis waters. In fome 
cafes, effential oils are employed externally as ftrengtheners, 
and to allay painful fpafms of nervous and tendinous parts, 
to refolve and diilipate acrid humours, which occafton pain, 
without any fenfiblc inflammation ; but they muft not, on 
account of their cauftic quality, be ufed alone, but formed 
into liniments or pomatums, by mixing them with a fufficient 
quantity of fat, or fat oils. When applied to the human 
body, they ftimulate, corrode, and refift pntrefadion ; and 
mixed with the blood, raife fome degree of fever. Med. 
Eff. Edinb. vol v. art. 24. Sec Volatile Oils, infra* 

As many of the effential oils are dear, it is a very common 
practice to adulterate, or debafe them feveral ways, fo as to 
render them cheaper both to the feller and the buyer. Thefc 
feveral ways feem reducible to three general kinds, each of 
which has its proper method of deteftion. Thefe three ways 
are, i. To adulterate them with expreffed oils. 2. With 
alcohol. And, 3. With cheaper effential oils. 

If any effential oil be adulterated with expreffed oil, it is 
eafy to difeover the fraud by adding a little fpirit of wine to 
a few drops of the fufpe^led effential oil, and fliaking them 
together ; for the fpirit will diffolve all the oil that is effential, 
or procured by diftillation, and leave all the expreffed oil that 
was mixed with it untouched. 

If an effential oil be adulterated with alcohol, or redlified 
fpirit of wine, it may be done in any proportion, up to that 
of an equal quantity, without being eafily difcoverable either 
by the fmell, or tafte. The way to difeover this fraud is to 
drop a few drops of the oil into a glafs of fair water ; and 
if the oil be adulterated with fpirit, the water will imme- 
diately turn milky, and by continuing to (hake the glafs, 
the whole quantity of fpirit will be abforbed by theVater, 
and leave the oil pure at top. 

Finally, if an effential oil be adulterated by a cheaper ef- 
fential oil, this is commonly done very artfully ; the method 
is to put flr-wood, turpentine, or oil of turpentine, into the 
dill, along with the herbs to be diftilled for their od, fuch as 
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rofemary, lavender, origanum, &c. ; and, by this means, the 
oil of turpentine diftilled from thefe ingredients comes over 
in great quantity, and is intimately blended with the oil of 
the genuine ingredient. The oils thus adulterated always 
dilcover themlelves in lime, by their own flavour being over- 
powered by the turj^entine fmell ; but the ready way to de- 
tect the fraud is u* drench a piece of rag, or paper, in the 
oil, and hold it before the (ire ; for thus the grateful flavour 
of the plant will fly off, and leave the naked turpentine feent 
beheld. Shaw’s Ledlures, p. 143’. 

The effential oils, as volatile oils are called by the Dublin 
college, are prepared in the following manner ; let the oil be 
extracted by diftillation from the fubftance previoufly mace- 
rated in water, as much water being added during the 
diftillation as may be fufficient to prevent empyreuma. In 
dillilling fennel, pepper-mint, fpear-mint, penny-royal, and 
all-fpice, the watery fluid that comes over in diftillation 
with the oil is to be preferved for ufe. 

Oil of Fennel Seeds* (See A'SETHVhiFstniculum.) Seventy- 
five pounds of fennel feeds yield thirty ounces of oil, which 
is Colourlefs, and congeals at 30 . It has the odour oi 
the plant and a fwcet tafte. The fpecific gravity is .997. 
The medical properties and ufe are the fame with thofe of 
the plant. The ufual dofe is from 71 X ij to IJX xx ; but it is 
rarely ufed. 

Oil, Fern* See Fern. 

Oil, Granulated^ is that fixed in little grains ; this is the 
beft, and moll elleemcd, efpecially of oils of olives. 

On., GreeUf Oleum Viridey a form of medicine preferibed 
in the late London pharmacopeia, and made in the follow- 
ing manner : take leaves of bay, rue, marjoram, fea-worm- 
wood, and chamomile, each three ounces ; oil of olives, a 
uart. Boil the herbs in the oil till they arecrifp, and then 
rain off the oil ; and when it has ftood for the faeces tf» 
fubfide, put it up for ufe. 

Oil ojf HartJl:forny ReBifiedy is prepared by the Dublin 
college in the following manner. Take of the oil which 
rifes in the diftillation of the volatile liquor of hartfhorn, 
three pounds, and fix pints of water. Diftil the oil, then 
remix it with the water, and rediftil, repeating the diftilla- 
tions until the oil becomes limpid. This oil (hould be 
kept in a dark place, in fmall phials completely filled and 
clofcly ftopped. 

This cmpyreumatic oil is firft formed by the decompo- 
fition of animal matter by heat ; and arifes from a new 
combination of part of the hydrogen and carbon of the 
fubftance diftilled. When firft obtained, it is thick, of a 
dark colour, and has a very offenfive odour ; but by the 
re6fificati®n preferibed, it is rendered thinner and lefs of- 
fenfive. The redified oil is nearly colourlefs and tranf- 
parent ; it has a ftrong, (lightly aromatic odour, and a pe- 
netrating tafte. It is very light and volatile, ftrikes a green 
colour with fyrup of violets, is partially foluble in water, 
and unites readily with alcohol, ether, and oils. The acids 
form with it a thick faponaceous compound ; and with the 
alkalies it forms a fine foap. Expofure to light and air 
deftroys its tranfparenay, and gives it a deep, brown co- 
lour. As to its medical properties and ufes, this oil is 
ftimulant, antifpafmodic, anodyne, and fudorific. It was 
formerly regarded as a remedy of much efficacy in fever, 
adminiftered a few hours before the acceffion of the pa- 
roxyfm of intermittents ; and was alfo much employed in 
epilepfy, hyftena, and all convulfive affefiions: but it is 
now almoii difearded from pradice, being only ufed occa- 
fionally as an external application to paralytic limbs. The 
dofe may be from ni x to ni xxx, in a fufficient quantity of 
water. Thomfon*s Lond. Difp* 
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Oil, Hmpfeed, is of a gr^en colour, and ftrongly im- 
pregnated with tlic pceuliar colour of ihis plant. The pro- 
portion of oil which hemp-feed affords is from 20 to 25 
per cent. In its general properties, ufes, and mode of pre- 
paration, it very much rcfembles linfeed oil; which fee. 
Oils, InflammuliJity of. See OiL.yiv^n/. 

Oil of JunipeVy or oj Juniper Bernes. (See sIi’NII'kiius. ) 
Forty-eight pounds ot b^-rries yield fix ounces of oil, of a 
fpecific gravity .611. In odour it refcmbles turpentine, 
and its taile hot and acrid. It has a greenifh-yellow co- 
lour, is vifeid, ard dtpofits a fieculent matter when long 
kept. When genuine it is foluble in alcchol. 'fhis oil is 
carminative, diaplK-retic, and diuretic. It is foinetimes 
given in dropfy, and may be added to fox-glove, wlicn it 
is exhibited in funn of pdls. The dofc is from ij lo 
m X, combi'icd with water by means of fugar or muolage. 

Oil of Lavender. (See Lavandula.) One j)ound 
and nine ounces of thl; (ul arc obtained from eighty pounds 
of lavender flowers. Its odour is very fragrant, and tafle 
warm and agreeable ; its colour is a j)jle lemon-yellow, 
and fpecilic gravity .936. It is ilitnulunl and cordial; and 
is chiefly tiled in h) lieria and nervous head-ache, in dofes 
from 711 j 111 given on a lump of fngiir. It.s oirieinal 
preparation is ungucntiim fulphuris of the Edin. phar- 
macopeia. 

Oil of l.eady is a folution of fait of lead in the effential 
oil cf turpentine. This preparation is a powerful anti- 
feptic. 

Oil of Lemoth called the effence of lemon. (.See Lemon.) 
This cfl'ential oil is cliicfly iifod as a perfume to covei the 
fmell of fulphur in oiut men's compounded w'lth it. Ls 
officinal preparations arc fpiritus ammonia: aroniaticus, 
unguentum fulphuris, and unguent um veratri. 

Oil of Linfeed. (See Linslf.d.) The feeds of the 
common flax, confilling of a white kernel covered with a 
thin brownifli fliell, which cannfit be feparated from it, arc 
fubmitied entire to the prefs ; but if they arc thus treated 
without any previous pn'paration, they yield a comparatively 
fmall quantity of od, on account of a ftrong mucilage that 
refides in the fludl, a. id abforbs a large proportion of the 
oil as It is fo>’ci.d out the kernel. For this reafon, and 
alfo hoc.ture tlie cold-drawn oil is not lo fit for the purpofes 
to wijirh tl’ib oil i<; generally applied, tjie mucilage is dc- 
Ilro^cd beioro '.he :ipj)lication of the prefs by tlie fv>l!o\vif g 
method. A': :: -ii-vcffi-l, like a fund- hath, a*''! Cupablc «)f 
containing fon.v bufl. ..s, is fixed in a furnace ; it is then 
idled with l.uf.ed, and heated by a moderate f'rr, llic rue- 
tents being CtTtdully llirred from time to lime, th.t* v* ry 
part may be cqu^'lly roallcd ; at firil there arilf. .11 ."’bun- 
dance of aqueous vap'.ur, which, as the heat is inc'valcei, is 
followed by denfe blackiffi fumes of a veiy lun.le.iuj (''.lo!'.'. 
When tlic torrcfadlion is completed, the pade is prcflod in 
the mill in the iiiual way. The propo*'lion <•{' oil yielded 
by this trial i. about 10 per cent,; its Ipeciiic grruCy 
.9403 : it is not congealed except by a c»)ld below o 
Fahr., and i’s point of ebullition is ab ;iit 600 of tbc fame 
thermometer. The cold-drawn oil has a high yellow co- 
lour, i; very unduous and iinplcafnnt both to the lauc and 
fmell : by expofurc to the air ami light it becomes dry. 
''J’he hot-drav\n (ul is td a high yellow iili-red, eir deep wine 
colour, and is more naufeous tliaii the former : it is of a 
thicker conUrteni /•, and dries without much difficulty in the 
am, more cfpcciaily if it has been boiled with a little litharge. 
The great demand for this oil is in the coarfer kinds of 
painMng, p irticubmly fiich as is not much expofed to the 
weadier, as floor-cloths, &c. In medicine it is confidcred 
as emollient, cemulcent, and (lightly laxative ; but a» an 


internal remedy it is fcldom ufed, on account of its nau- 
feoiis taftc ; though it has been given with advantage in 
ileus, when purgatives have failed. It is chiefly employed 
in the form of a glyftcr, in flatulent colic attended with cof- 
tivenefs, and in abrafions of the redlum ; and it is an ufeful 
application to burns, clpccially when combined with lime- 
water. 'Fhc dole, when taken by the mouth, is from f.^fs 
f.^:;j; but from f.^iijto f.^vj may be given at once, per 
anuni. 'The officinal preparation is the linimentum aquae 
calcis of tlic Edinburgh pharmacopeia, formed by mixing 
equal parts of linfeed oil and lime-water. Aikin. 
I'humfon 

Oil of I\[ace. flee Mack and Nut.mixj. 

Oil oJ Mcujuram. vSee Maujouam. 

Oil, AhdttlLiry. See Medulla luY Syfem. 

Oil of Mercury y a folution of corrofive fubli nate in 
fpint of urine. See MEJU'UJty. 

Oil of Mint, Sec Memiia. 

Oil of I\!ujard. See Ued^e Mu.staiid, and SlNAlMS. 

On. of Myrrh. See M\ null. 

Oil Nni. (See Nu r-O/V. ) As the walnut and haxcL 
mit from vvliich this oil is obtained, chiefly by cold-drawing, 
come to their full pcrfcifiion in the warm climate of the 
foiith of Europe, they will yield, by proper management, 
full half their weight of oil. Recent cold-drawn nut-oil is 
preferred liy many to olive-oil, on account of its retaining 
the exquifite flavour of the nut ; the hut-drawn has an 
cmiiyreumatic laile, and is no longer fit for the table : it is, 
how'ever, much valued by the painter, as being eminently 
drying, much lefs coloured than linfeed oil, and capable of 
hearing the injuries of the weather better than any other 
oil. 

Oil 0/ Kuimvg. See Nutmeg. 

Oil of Olives is the moll popular, and mod univerfal of all 
other ; being that chiefly iifed in medicine, in foods, fallads, 
and in the manufactures. 

It h drawn from olives by prcfTcs or mills made for the 
purpofe. The fruit is gathered when at its utmoft matu- 
rity, in November, as it begins to redden : being put under 
the mill, as foon as gathered, care is taken that the mill- 
lloi'.es are fet ot fuch a didnnce that they may not crufh 
the nut cf the olive. The flefliy pulp, cov^iring the nut 
or lbn»e, and containing the oil in its c.'lls, bi’ing thus pre- 
pared, IS jmt into bags made of ruffics, ai.d moderately 
prefled ; and thus is obtained a confiderable quantity of a 
grceiiilh lemi-tranfparent oil, which, from its fuperior cx- 
et leiKc, IS ca led Virgin o 1 . The marc remaining after 
the hrll ] rcflure i^ broken to pieces, moiliened with water, 
and rtlurii-vd to I lie prefs, upon which there flows out a 
nnvturr of oil and v.uter, which IpoMtaneoully feparate by 
n ( 1 . Tins 111, tliinigh iiife :*>r to the former, is of a good 
quality, and ft for the t ’ L. The rnarc, being again 
brtfkcn to piety's, well fuaked in water, and fermented 
in large ci ten.s, is again liibmittcd t > the prefs, by which 
i., obf 'allied a v- ry cunliderabh qean’ity of a third kind of oil, 
that very v.diu'ble to the toap-boiler and r-thor nunu- 
fatiurt*-^. Ju I' lne countriis, partieulaily in Spain, ibo 
< live*., in (lead of being gathered by hand, arc beaten dowm, 
fo that the ripe and nioi; e ones arc ndxed together, and to 
tb'Ae are added iucdi as have fallen of themlelves, and are 
tlu n'fo-c more or hfs decayed. All ihele are thrown toge- 
ther in a heap, whkh fuon ferment s : the olives in ibis Hate 
arc ground and prefled, and thus is procured with Icfs 
trouble a large quantity of oil, of a rank difagrccable 
flavour, which none can bear but fuch as have been accuf- 
lomed to it from their childhood. Recently-drawn Virgin 
oil has a bland almoll mucilaginous taftc, with a flight but 
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agreeable flavour ; when cxpofcd to the air, in an open 
bottle or cafk, a white fibrous albuminous mattes is depofited, 
and the fupematant oil becomes clear and of a dilute yellow 
colour ; and when this oil is poured off into another velTcl, 
a fecond depoiitioii occurs, and then the oil obtained, being 
put into clear glafs phials, may be kept for a confiderable 
time, without undergoing any change. But if the oil be 
allowed to ftand on the white matter, it becomes in a few 
weeks very rancid; nor can the common oil, even under 
proper management, be preferved in calks longer than a 
year and a half, or two years at the fartheft. The fpecific 
gravity of olive-oil is .9153 * ^ boils at about ^00^ Fahren- 
heit, and congeals at 36^ or 3 S'* Fahrenheit. The facility 
with which it freezes renders it improper for lamps, efpe- 
cially in cold countries ; but by previoufly expofing it in an 
open clear glafs phial to the fun-lhine, it may be fo far 
amended in this refpeft, as to continue fluid at 2 i ’ Fahren- 
heit. Olive-oil is often fophifticated by a mixture of poppy- 
oil, which r^'oflers it drying, a quality which the genuine oil 
does not poircfs. In countries that produce it, it is iifed 
for food, as butter is with us : that of the inferior kinds is 
burnt in lamps, or employed in the manufacture of foaps, 
which are of a finer quality than thofe that are compofed of 
animal oils. The bell oil is made in Provence ; but that 
which we receive in this country is brought from Lucca and 
Florence. It is imported in jars, half-jars, and half-chells, 
which are wooden packages containing flalks. 

Olive-oil is ufed in medicine, internally, as a demulcent 
in catarrh and other pulmonary affe< 5 lion 8 , difFufed in water 
by means of mucilage j and it is alfo given, in large quanti- 
ties, to mitigate the adlion of acrid fubftances, as fom« 
poifons, taken into the ftomach ; and in cafes ot worms, 
applied externally it is a very ufeful relaxant, and inftead of 
flopping up the cutaneous cxhalants, appears to promote the 
excretion of fweat, on which account it is beneficially em- 
ployed in friiflions at the commencement of the plague. 
The body is ordered to be very brifkly rubbed all over with 
a clean fponge dipped in warm olive-oil, and the operation 
is repeated once a day until fymptoms of recovery appear. 
Mr. Jackfon relates, that the coolies, who are employed in 
the oil-ftores at Tunis, fmcar thcmfelvcs all over with oil, 
and are feldorn afflicted with the plague when it rages in 
that city. FriAions with it arc ufeful in afeites. It is 
alfo ufed as an injedion in gonorrhoea ; as an adjundt to 
glyflers in dyfentcry and inteftinal abralions ; and cxtenfively 
in pharmacy, in the compofitions of ointments and plafters. 

The dofe of olive oil is from f.^fs to f- Jj» triturated with 
mucilage, or mixed with water ffy means of a few drops of 
folution of potafs. In cafes of poifons and worms, as much 
may be given as the ftomach can bear. The officinal pre- 
parations of oil, befides cerates and ointments, are Oleum 
lulphuratum, L. E. Linimentum ammoniic fortiup, L. E. D. 
Linim. ammoniat carbonatis, L. Linim. calcis, D. Linim. 
camphorae, L. E. D. Emplaftrum plumbi, L. E. D. Emp. 
hydrargyn, E. Emp. oxidi rubri ferri, E. Enema cathar- 
ticiim, D. 

For the “ oleum fulphiiratiim,*’ fee preparations of Sul- 
phur. For the liniments, fee Liniment. For the platters, 
fee Emplastrum and Plaster. Aikin. Thomfon. 

Oil ^ Orange-pjeL See Aurantii Cortex, 

Oil of Origanum, See Marjoram. 

Oil, Palm^ or Oil of Senegal, a thick unduous liquor, of 
a yellow colour, and a violet fmcll ; fo called, becaufe drawn, 
by ebullition, or by expreffion, from the fruit of a kind of 
palm-tree, growing in feveral places of Africa, efpecially 
in Senegal. 

Many of the palms produce nuts, which abound in oil. 


The principal of thefe are the Cocos Sutyraceaf and EtJBig 
guinemjis. The ripe fruit is collefted in a heap, and flightly 
fermented ; it is then coarfely pounded and macerated in hot 
water, and thus its oil is parted with and fwims on the fur- 
face of the water, which by coolin? concretes into a folid 
cake. It is piirifled by warning in Yiot water, and thus be- 
comes fit for ufe. It has a light brown-yellow colour, little 
or no tafte, but a high odour and flavour like thofe of the 
Florentine iris ; by long keeping it becomes rancid, and is 
then nearly white, and almoft without odour. 

The Africans and the Negroes in the Weft Indies ufe 
this oil as we do butter ; and burn it in their lamps when 
old. With us, it is only ufed in Tome external applications, 
for painp and woaknefs of the nerves, cramps, fprains, and 
other fuch complaints. The common people fometimes 
apply it to chilblains ; and when ufed early, not without 
benefit. It is alfo employed in the compofition of the beft 
yellow foap. It is fometimes counterfeited with wax, oil 
of olives, iris, and turmeric ; but the trick is found out 
either by air or fire. The air alters the colour of the ge- 
nuine, and leaves the counterfeit unchanged ; and, on the 
contrary, fire changes the counterfeit, but does not alter the 
genuine. 

Oil of Penny ‘royal, (See Mentiia This oil, 

which is of a reddiffi-ydlow colour, refcmbles in its other 
qualities the oil of pepper-mint Its Ipecific gravity is .978. 
It is ftimiilant and antifpafmodic, but feldorn ufed. The 
dofe may be from j to nx v, given on a lump of fugar. 

Oil of Jamaica Pepper, (See Pimento.) This oil has 
the agreeable odour ot the pimento, with its pungent tallc 
augmented. Its colour is reddifh-brown, and it is heavier 
than water. It has the fame properties with iheall-fpicc, but 
in a greater degree : it is given in dyfpeptic affedlions, colic, 
and tympanitis, in dofes of from UX iij to TlX v, rubbed with 
fugar, or in any proper vehicle. I ts officinal preparation 
is emplaftrum aromaticum of the Dublin college. Sec 
Plaster. 

Oil of Pepper ‘mint, (See Mentha.) This is a common 
domeftic remedy in cramp of the domach, flatulent colic, 
and anorexia; and ufually rubbed up with fugar or mu -ilagc. 
The dofe u from !![ j to llj, nj. The officinal preparations art 
pihilae thei camp. K. Pilii a: ahvs cum zinpibere, D. 

Oil of Petrol, See Naphtha and Petroleum. 

Oil of Pimento. See Pimento, and Oil of Jamaica pep- 
per, Jupra. 

Oil of BJach Pilch. See Pitch. 

Oil oJ' Poppy feed, or Pink’oiU is extrafleJ by cold-drav/- 
ing from the lecdi> of ihe large white poppy { Papaver fom- 
niferum)y which is largely cultivated for this purpofe in 
France, the Netherlands, and various parts of Germany. 

It is tranfparent and nearly coioiirlefs, and when wtU pre- 
jiared, has no other tafte or flavour, than a flight one of 
nut-kernels. Ps fpecific gravity is .9288. This is one of 
the n<»t’.iral]y drying oils, and like all of that clafs is frozen 
with dilficulry ; it may be cooled down to o'" of Fahn with- 
out congealing. When employed as food, it is fcarcely to 
be diftinguiOied from olive-oil, which is often adulterated 
with it. The quantity of oil yielded by a given weight of 
the feeds depends partly on the country and feafon in which 
the feeds arc produced, and partly on the mode of extrd6Ijng 
the oil. From loolbs. of frefh feeds, fome ftate the pro- 
duce of oil at 35lb8., and others at 58lb8. It is ufed as an 
article of diet, and in ihe compofition of varnifhes, buc it is 
very unfit for burning in a lamp. See Papavjer and 
Poppy. 

Oil of Rape feed. See Rape, and Oil of Cole feed. 

Oil, Red, in the Ponelain ManufaSure, a name given to 
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SI peculiar colour ufed on the china- ware^ or to thofe pieces 
of the ware which are coloured with it. It is a very elegant 
ornament, and would be worthy our attempting to imitate 
in England, on our better forts of wares. They do it in 
the following manner : they mix the red colour, called tarn- 
lan hum^ or the copperas red (fee Porcelain) with oil of 
Jloney and with another oil, as they exprefs it, of the fame 
kind, made of a whitifh fort of pebble, or agate, found on 
the fhores of their rivers, and the place of which might 
probably be fupplied with us by common cryftal. The 
powder is to be thoroughly mixed with thefe liquors, and 
the vefTel dipt catefully into the mixture, or fome parts of 
it only covered with it in figures: after this, it is to be fet 
by to dry, and, when thoroughly dried, it is to be baked in 
the common way. The general method is that of covering 
the veflTel all over, both infidc and out, with this red; and 
it comes out of the moil bright and brilliant colour imagina- 
ble, but it will not ring when ftruck upon, as our common 
china-ware does. We feldom fee this in any degree of per- 
fed\ion, but it is very elegant when fine. 

Oil, Rock. See Pf.thollum. 

Oil of Rofemary, (See Rosemary.) Twenty-four pounds 
of the plant yield one ounce of a fluid colourlefs oil, the odour 
of which is lefs agreeable than that of the plant. It depofits 
cryilals of camphor when long kept. Its fpecific gravity is 
.934. As to its medical properties, it is ftimulant, and fre- 
quently enters into the compoiition of liniments. The dofe, 
as an internal remedy, may be from 1|(, ij to iq vj ; but it is 
fcarccly ever ordered. The officinal preparations are tindlura 
faponis, and alcohol ammoniacum aromaticum. 

Oil of Rue* (See Ruta.) Twenty-one pounds of rue 
yield 59 grains of oil, which has the flrong ungrateful odour 
and talle of the plant. When recently drawn the colour is 
yellow, but it deepens into brown by age, and depofits a 
brownilh rcfinous fediment. It congeals at 40^^ Fahr. Oil 
of rue is llimulant and anlifpafmodic ; it is fometimes given 
in hylleria, and the convulfive affedlious of children attendant 
on dentition ; and is alfo occafionally ufed as a rubefacient 
in palfy. The dofc is from IR ij v, triturated wdth fugar 
or mucilage. 

Oil if Sage. See Sage. 

Oil (f Sqffafras. (Sec Sassafras.) Sixty pounds of 
fafiafras yield 1 2 ounces of a vifeid yellow oil, heavier than 
water; us fpecific gravity being 1.094. Its odour is fra- 
grant, and its talle : )t and acrid, excoriating the lips when 
iucautunifly tailed. 

The oil of falTafras is peculiarly liable to cryftallization in 
certain circumHanccs, and that into the moll beautiful forms. 
]Mr. Maud give.'^ an account of a quantity of this oil, which 
having Hood expofed to the air in a very frofty night, in an 
open vcffel, was in the morning found changed three parts in 
four of it into very beautiful and large cryilals : they were 
of an hexagonal firm, very tranfparent, and of three or 
four inches in length, and half an inch in thicknefe. Thefe 
cryilals fubfided in water, and were indifloluble in it ; they 
were readily inflammable at the fire, and were reduced by 
heat to their pniline fluid (late : hence it is evident that they 
ftill retain the natural qualities of an oil, though they appear 
under fo very different a modification of their pahs. What 
is moll remarkable in this change, is, the metamorphofis of a 
fluid to a folid body, of fo determinate and regular a figure, 
and that thefe cryilals fltould be perfedly clear and colour- 
Icfs, though the liquor from which they froze was of a yel- 
lowifli colour, not unlike that of Madeira wine. 

This oil is llimulant, and fuppofed to be alfo fudorific and 
diuretic. It has been given in chronic rheumatifm, feurvy. 


and fome cutaneous affe6lion8. The dofe is from IR ij to 
IR xi but it is fcarcely ever ordered. 

Oil of Saving. (See Junipbrus.) Twopoiinds of favine 
are faifl to yield five ounces of oil, which is limpid, of a pale 
yellow colour, having the odour of the plant, and being 
very acrid to the talle. This oil is the principle on which 
the virtues of favine depend ; hence it polTeffes the fame pro- 
perties, and is applicable to the fame purpofes as the plant. 
The dofe may be from IR ij to 1R vj, triturated with fugar* 

Oil of Spearmint. (See Mentha.) The flavour of this 
oil is fimilar to that of pepper-mint, but lefs grateful ; its 
talle is warm, and lefs pungent ; its fpecific gravity is •975» 
and its colour greenilh. Its medical properties are the fame 
with thofe of oil of peppermint. The dofe is from IR, ij to 
TR v, given on a lump of fugar. Its officinal preparation 
is infufuni menthae compofitum, which is prepared, accord- 
ing to the diredlions of the Dublin college, by taking of the 
leaves of fpcarmint, dried, two drachms, and a fufficient 
quantity of boiling water to afford fix ounces by meafure 
when ftrained ; digeiling for half an hour, but draining the 
liquor when cold, then adding of refined fugar two dra^ms, 
oil of fpearmint, three drops diffolved in half an ounce 
(fluid?) of compound tindure of cardamoms; and miking 
the ingredients. This is aj^ateful (lomachic, and is (lightly 
diaphoretic. It may be ferviceable in anorexia and naufea, 
and as a vehicle to cover the difagreeable talle of other me- 
dicines. The dofe may be from f. to f.Jiij, or at pleafure. 

Oil, Stillatitious. See Stillatitious. 

Oil of Stone. In the manufadlure of the Chinefe porce- 
lain, they ufe a liquid matter of a white colour, which they 
call by this name, on which their great myftery of finifhing 
their work depends ; yet this has been lefs enquired into by 
the imitators of that ware in Europe than many other articles 
of lefs confequence. The done of which this oil is made» 
is of the fame degree of hardnefs with that which the petunfe 
is prepared of. They procure it from quarries, and choofe 
fuch as is of a good white colour, and has many dark green 
fpots in it. 

Thefe fpots are of the colour of the leaves of cyprefs* 
Sometimes a done is chofen which has a brown ground, va- 
riegated with fpots and blotches of a reddifli colour. They 
firn carefully waffi this done ; then laying it in a clean place, 
they break it to pieces with iron indruments, and afterwards 
grind thefe to a perfcdlly fine and impalpable powder, by 
rubbing them in large mortars, with pedles of done faced 
with iron, and turned either by the labourers, or by water. 
When the whole is thus reduced to a fine powder, they 
throw it into a veffel of water ; and dirring it brifkly about, 
they let the coarfer part fiibfide to the bottom, and there 
fwims a fine thick matter like cream, for two or three inches 
depth on the furface. This they carefully (kim off, and 
putting it into another veffel, of clear water, they let it throw 
down any coarfe matter it may yet contain ; and, finally, 
taking off the thick furface again, they mix this with fome 
frefti water in another veffel, and leave it to fubfidc ; then 
pouring on the clean water, they take out the remainder at 
the bottom of the veffel, which is pcrfeftly fine, and re- 
fembles a thick cream. To every hundred pounds of this 
they add one pound of a fubdance of the nature of which 
we are not yet pcrfcftly informed. It is faid to be a mineral 
refembling alum. They calcine this fird, and then beat it 
to a fine powder ; and this being added to the cream, or oil, 
as it is called, ferves to keep it always in the fame liquid 
date. This fubdance, when finilhed in this manner, ha% 
very little title to the name of an oil ; it is rather a vami(h, 
and is always ufed in mixture with another varniifa, which 
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it called at this time fern oil, and ufed to be called lime oil ; 
it is prepared in the fame manner with the other after burn- 
ing. See Fern- 0/7. 

0th of Sulphur is a name given to the concentrated acid 
•f fulphur. See and Sulphur. 

Oil of Tartar, See Tartar. 

Oil, Tram. See Fishery, Train> and Whale. 
Oil of Turpentine is obtained by diftilling the refin with 
water in a common ilill, when the oil is found in the receiver 
fwimming on the water, from which it is eafily feparated. 
The average proportion is 6oIbs. of oil from 25 olb 8 . of good 
turpentine. This procefs is carried on both abroad and at 
home ; but the oil drawn in this country is always preferred. 
(See PiNus, and Turpentine. ) The Dublin college direds 
lbs. of turpentine and four pints of water, and the oil to 
e diftilled from a copper alembic. Yellow reftn will re- 
main in the retort after the diftillation. 

The re8ified oil of turpentine of the London and Dublin 
cohege is obtained from a pint (two pints Dub.) of oil of 
turpentine, and four pints of water. Diftil the oil (a pint 
and a half of the oil, Dub.) 

Purified oil of turpentine of the Edinburgh college is ob- 
tained from lib. of oil of turpentine, and 4 lbs. of water; 
and dillilling as long as any oil pafTes over. The rectifica- 
tion of the oil is a troublefome procefs, and on account of 
the great inflammability of the vapours, much caution is 
required to prevent them from efcaping through the lutings 
of ibe vcffels, and catching fire. The rectified oil is a lltUe 
lighter than the common oil, and completely free from any 
refinous admixture ; but in other refpeCts it has no peculiar 
excellence to recommend it. What remains in the retort is 
a thick refinous matter, and is denominated “ balfam of 
turpentine.” (See Balsam.) For the chemical and me- 
dicinal properties of oil of turpentine, fee Pinus, Tur- 
pentine, and Tape Worms. 

Oil of Venus^ a name given by Lemcry to the fait formed 
by the union of copper with the nitrous acid, when it is re- 
folved into a liquor by the moifture of the air. This is a 
can (tic and efcharotic. 

Oil, Virgin^ is underftood of oils expreffed from olives, 
nuts, &c. frefh gathered, without being heated, too much 
prefled, &c. Sec 0\h of Olives. 

Oil of Vitriol. See Sulphuric Acid and Vitriol. 
Oils, Volatile. (See Oil, ^^r/i.) For the method of 
preparing ihefc oils by the London college, fee Difiilled 
Oils, and for ihofe of the Dublin college, fee Efiential 
Oils, fupra. The Edinburgh college directs the volatile oils 
to be prepared in the fame manner as the diftilled waters, 
except that lefs water is to be added. Seeds and woodjr 
fubflancesi muft be previoully bruifed or rafped. The oil 
diftils over with the water, and, as it is lighter or heavier, 
floats on the furface or finks to the bottom, and is after- 
wards feparated. It is neceffary to obferve, in preparing 
tbefe oils, and alfo the diftilled waters, that the quality 
the fubflances, their texture, the feafbn of the year, and 
fimilar circumftances, muft occafion fo many differences, 
that no general rules, that are applicable to every cafe, 
can be laid down. Few of the volatile oils are prepared 
by the apothecary. The oils of anife, chamomile, juni- 
per, origanum, rofemary, and pimento, are ufually im- 
ported into this country ; while thofe of lavender, pepper- 
mint, fpearmmt, and penny-royal, arc annually prepared on 
C large leale. 

As medical agents, volatile oils are ftimulant and ftomachic. 
They are chiefly employed to remove naufea and flatulence, 
io concA the griping qualities of fome purgatives, and 
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the difagrecable tafte of other remedies. They may be 
given triturated with water and mucilage ; or dremped 
flrft on a lump of fugar, and through its medium diuufed 
in water, forming a folution of what has been denominated 

oleum faccharinum.” The quantity cf fugar muft be 
more than ten times the weight of the oil ; and when they 
are well triturated together the oil becomes thus completely 
foluble in water, and may be diluted to any extent. Some 
of the more ftimulant of thefe oils are added to embro* 
cations to be ufed as rubefacients in cafes of numbnefs, 
pains, and paralytic affections of the joints. Thomfon. 

Oil of Wax. See Wax. 

Oil frequently takes new names from the drugs mixed 
with It ; as ail of rofeSf which is that mixed with rofes ; sM 
of j^amyt that perfumed with jafmin. 

Oil of Wine. See Ether. 

Oil, Anointing with. See Unction. 

Oih-Bagf a veflel in birds replete with an unAuous fub- 
ftance, fecreted by one fometimes two glands, for the pur- 
pofe, difpofed among the feathers ; which being prefled by 
the bill or head, emits its oily matter for drefling and prun- 
ing the feathers. See Anatomy of Birds. 

Oil Beetle. See Oil Beetle. 

Oih^Bladderst \i\ Vegetable Phyfiology. Ste Secretions of 
Vegetables. 

Oih-Dregs. See Dregs. 

Oil, Gilding in. See Gilding. 

Oil, Painting in. See Painting. 

Oil Mill^ in Mechanics^ is a machine ufed to exprefs oil 
from linfeed, rape-feed, and other oleaginous grain, but 
chiefly from the above-mentioned for the ufe of painters. 
Olive and other vegetable oils, the produce of the fouth of 
Europe, are allb expreffed by a machine, but it is not 
called a mill, being limply a ilrong ferew-prefs, provided 
with a windlafs or capftan, to give it a greater power ; in 
fhort, it is the fame machine as the Cyder Prefs (fee that 
article). The olives are firft pounded, or bruifed, either in 
a large mortar, or by a running ftone, in the fame manner as 
the apples for making cyder. The pulp thus produced is 
ut up in bags made of horfe-hair, and a pile of thefe, 
eing made up under the prefs, the ferew is forced down by 
men working at a long lever, and the oil expreffed ; it runs 
very freely at firft, and this, which is efteemed thebeftqua- 
]ity> is in fome countries kept feparate. When this pref- 
fure has continued an hour or two, the power of the cap- 
ftan is applied. This produces a good quantity of oil of 
the fecond quality, which is fold at an inferior price ; and in 
fome provinces of Spain, where the olive is extenfively 
cultivated, it is ufed to burn in their lamps. 

The oil-mill we intend to deferibe in this article is for a 
different puroofe ; vi%. the expreffing of linfeed and rape- 
feed oils. Thefe grains are exceedingly hard and fmooth 
on their furfaces, and the fragments of their Ihells, however 
broken, form little concavities which will retain the oil, un- 
lefs a far greater preflure is applied than can be obtained by 
a ferew-prefs ; it is, thereiore, done by a wedge-prefs. 
This confifts of a ftrong block of wood, or a call iron 
frame, in which a long mortife is made : in this a bag 
of bruifed feed is placed at each end, and blocks being 
put in to fill up the mortife, a wooden wedge is introduced 
between the blocks, and driven in by repeated blows of a 
heavy ftamper, which is raifed up by the power of the mill, 
and let fall upon the wedge, till it has driven it down as far 
as it will go. This caufes a moft immenfe prefTure upon the 
feed contained in the bags, and forces out the oil at every 
blow of the ftamper : for it is a curious fad that the fame 
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prefTure, gradually produced, will not cxprefs any fenfible 
quantity of oil ; it mull, therefore, he done by a fudden and 
violent acceflion of force ; accordingly, at every llroke upon 
the wedge, the oil exudes in confiderable quantity from the 
feed, viuMi the whole is txprrlfcd, leaving a cake of feed as 
bard as a piece of board. Tliefe oil-cakes arc very good 
food for cattle. 

The machinery of an oil-mill is explained by the draw- 
ing in Plate Oilmtll^ where fg. j. is a plan, fg, 2. 
an elevation, of a very good mill of this kind, which was 
erefted after the defigns of the late John Smeaton, efq. 
1 * R.S. ; whole prnporuous for the parts of mids have been 
fcarccly improved iiuce his time ; though in the conltrudtion 
of tlie wheels, (See. call iron has of late years been lubfti- 
tiitcd for wood almoit univcrlally. A, in both finfures, is 
the waicr-whcel aftuating the whoV mill ; it is underfhot ; 
that is, the water paifes under it, and turns the wheel, by its 
momentum linking upon the lloals ( See W ai eu-Wiieel. ) 
It works very clof(^ in a pu formed between the two walls 
c, C, the latter being the oiiifide w’all of the mill-houfe : it 
is fran ed on a llrong octagonal lliafr B B, turning on two 
gudc'eons fixed in its ends : L) is the pit- wheel, or great cog- 
wliccl, fixed ujr the main lhaft, within ihe houle : it has 
v.’ooden tectli fixed in its rim, parallel to its axi ', in the man- 
ner of a crown-wheel. There are 8o of thrfe teeth, by which 
it turn^i a fmall'T wheel, E, of 37 teeth, fixed on an hori- 
zontal Huf*, E, called the tumhling lhaft, extending nearly 
acreds the houfe It gives motion to the Hampers, V, W, of 
tlie prefs, and alf) the roiling Hones or runners, 1 , K, which 
bruife the feed. The la'.teris done by means of a wheel, G, 
with 35 tectli, fixed on the end of it, for the purpofe of 
turning a large wheel, H, of 72 teeth, which is fixed upon a 
vertical lhaft, «, which gives motion to the running ftoncs, 
I, K. 'Eiiclc are two circular Hones, fitted upon an iron 
axle, the ends of which are fhcwni at a a* This axle paffes 
through the vertical Huilt ;/i, and alfo tlirougli runners : thus 
they have two motions, a rotation round their own axis, by 
which they are earned round upon the netht*r or hori/onlal 
mill-Hone, L, tin w hich llicy loll The centre-liolcs in thefe 
running mill-Hones au- made a little wdde, and the hole in the 
lhaft w, which carries tlu! middle of the iron axis, is made 
oval up and down. 'I’his great freedom of motion is ncccfrary 
fo’' the runner niili-Hones. hccaule frequently more or Icfs 
of the grain is below' lliem at a time, and they mull there- 
fore he at liberty to over it without Hraitung the lhaft. 

The lower -ic, is fuppnrted on maloii'-y, and fur- 

rounded by a bordci- O'- Edge of w^ood // ^/, winch prevents 
‘he f'*< d being fcattered : the two Hones I, K. as the figure 
Hi w's, a'-c jdaced at diHVrent diHances from the central axis 
nif fo that il y run in diHerent paths, and thus bruife the 
feed more eHeClually than if they followed each other in the 
fame circuit ; «, are the ends of tw'O w'ooden rails, pro- 
joCtnig from the fhaft m, and at their ends fupporting iw'o 
iiprigiit pieces of w'ood, which, their inferior exfrenuties, 
carry fweeps or rakes ; ihefe drag round upon the furface of 
die lower Hon^, and turn the led about, to receive the 
greateft poflible a^ion from theH''iHS I, K, rolling over 
it. There’ aic two of ihefe fweeps on the oppoHre fidcs of the 
floncs, one called the outer rake, and the otlier the inner 
rake. The outer rake colledfs the gram under the runner 
from the furface of the border d. In this inaniier the grain 
is turned over and over, and crufhed in every dircAion.^ The 
inner rake lays the grain in a Hope or ridge, over which the 
runners pafs, and crulh it : then the fecond rake lifts it again 
into a ridge, to receive the aiJfion of the next Hone, fo that 
every fide of the grain is prelciited to the runner mill-llonc, 
and receives its action, while the reft of the lower Hone is 
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fwept by them fo clean, that not a fingle grain is left on any 
part of it. The outer rake is alfo furnimed with a rag of 
cloth, v/hich rubs againft the border of a hoop which iur- 
raund‘? the nether mill-Hone, fo as to dr^g out the few grains 
which might otherw'ife remain in the corners. There is alfo 
another fw'eep, making part of the inner rake, which is occa- 
fionaliy let down for 1 weeping off aH the feed when it has 
been fufliciently bruifed. The preflure and adtion of thefe 
rakes arc adjuiled by means of wooden fprings, which cannot 
be eafily and dilliiidily reprefented by any figure. The 
oblique polition of the rakes (the outer point going fore- 
moH ) caufes them to fiiove the grain inwards, or tow'ards 
the centre, and at the fame tin.c to turn it over fomewhat in 
the fame manner as the mould hoard of a plough fkoves the 
eartli to one fide, and partly turns it over. Some mills have 
but one I weeper, and indeed there is great variety in the 
form and cuiiHruCthm of this part of the machinery. The 
great pit, 1), turns a fniall cog-wheel r, i, on whofe 
ipindlc is fixed one of ihe tw'o iron rollers which are 
ufed fjr bruiling the feed, as in the ilrll operation. 

Thefe rollers are made of call iron, and truly turned in a 
lathe, their fpindles turning in brafs biifhcs, fixed in iron 
frames bolted dowm to the wood v.'ork. Thefe frames have 
morlifes in them, in whicli the bulhes for the pivots of the 
roller, g, are placed, with liberty to flnle in the morlifes when 
they are puflied up by ferews ferewed throiigli the ends of 
the iron frarncc. By thefe means the rollers can be fet at any 
dillance apart, according to the fize of ihc feed which is to 
be cm Hied between them ; /, /, arc two fmall iron cog- 
wheels, of 15 teeth each, fitted on the ends of the pivots of 
the rollers ; they make both rollers turn together with the 
fame motion : the feed is nut into a hopper, fiipported at 
fome dillance above the roller, and it runs out at an opening 
in the bottom into a trough called the flioe, winch is conti- 
nually fliaken by means of a piece of wo':d nailed to it, and 
retlnur upon the cog-wheel /. By this means the Ihoe conti- 
nually feeds the rollers with a fmall quantity of feed, with- 
out any danger of choaking them up, and the feeds fall, 
from the end of the Hioe, between the rollers, which, as they 
turn round, take the feed in between them, and bruife it. 

It i.s proper to have a piece of iron plate nailed to fome part 
of the frame, and kept conftantly preffing again H the rollers, 
fo as to ferape off the feed which may adhere to them. The 
feed, after having pafTed between the rollers, falls upon an 
inclined board, placed in the frame beneath them, and is thus 
fhot down in a heap bufore the rolle**s, from whence it is 
conveyed by a labourer to the rolling Hones. 

Tlie prefs comes next to be noticed, fur wc have hitherto 
only dcfrribcd the machinery for bruiling ilie feed previous 
to expreiri'ig the oil from it. 

The tumbling (haft, F, has two lifters, M, N, projedling 
from It, wdiich as it turns round lifts up and lets fall the 
Hampers, V, W, of the prefs. Tliey rife and fall in a frame 
confining of two thick pieces of wood P, P, firmly bolted 
together at the bottom by beams T,T, expended between 
them. The fpace between thefe beams is filled up by the 
bags of feed dy dy Jig. 2 , the prelfing wedge the dif- 
charging wedge r, and blocks of wood, to keep them at 
the proper dillance apart. 

The beams, T, T, have crofs pieces upon them, between 
which ilie Hampers, V, W, Hide up and down ; they arc lifted 
up by the wipers or lifters M, N, fixed upon the (haft F : 
thefe take hold of tappets or chocks projeding from the 
Hampers, and raifiug them to the proper height, let them 
fall ou the wedges. When they are to be (lopped, the 
workman pulls a rope, which raifes a lever, and holds up the 
Hamper too high to meet the lifter in its revolution. The 
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inrerted wedge, e, fufpended by a rope from a wooden 
fpring, which raifes it up, aa in the figure, when the other 
wedge is taken out for the purpofe of putting a frefh charge 
of feed in the bags at dd. The opening of the prefs, or 
the fpace contained between the uprights, P, P, of the frame, 
and the two beams T, T, has a very ftrong caft iron frame 
within it, which refifts the preffurc to rend the prefs open. 
The upper edge of this frame is (hewn by the dark line in 
Jig* 2 , and the internal parts are fliewn by dotted lines. 

The bags of feed, J, are included between two iron plates, 
nnited together at the bottom in the manner of book lids, 
and the bag is (hut up between them ; immediately beneath 
thefe are fmall holes in the bottom of the prefs, at which the 
oil oozes out into fmall pots i, k ; the blocks which fill up 
the prefs rcll upon the bottom of the prefs, to prevent 
them being carried down by the adlion of the wedges which 
Aide againtt them, having thin pieces of wood between, to 
make them Aide eafdy by each other : the prelfing wedge, 
has its point downwards, and is driven by the Samper V ; 
the difeharging wedge c is inverted, its fmallefi end being 
upwards ; and this, when (Iruck by the ftamper W, is forced 
down, and thus releafes the prefs, when it would be cxcced- 
ly difficult to difengage it by any other means, the preffing 
wedge being driven in very fafl by the repeated blows of the 
fiamperV. 

There is likewife a fmall apparatus in an oil-mill called the 
fire gear or chaufer pan, which we have omitted in our plate. 
It is intended to keep the bruifed feed ilirring whilfi; it is 
heated in a copper pan, previoiw to preffing, as this is found 
to incrcafe the produce of oil. The chaufer pan confifts of 
a fmall fire-place, (ituated in the corner of the mill-houfe, 
and heated by burning charcoal in it. The feed is con- 
tained in a circular copper pan, which is fet over the fire, 
and the feed is prevented from burning to the bottom of the 
pan, by a crofs piece of iron fixed to the lower end of a 
vertical fpindle, which, as it turns round in the pan, ftirs the 
feed. The fides of this crofs are fet inclined, fo as to ferape 
the feed from the bottom of the pan, and throw it over the 
back of the llirrer. The fpindle for the ftirrer is put in 
motion by means of a train of fmall wheelwork, receiving 
motion from a rigger or pulley fixed upon the tumbling (haft 
F, by means of an endlefs chain or rope. In many of the 
mod improved mills the chayfer pan is heated by fleam in- 
ftead of charcoal : in this cafe it has a falfe bottom on which 
the feed lays, and the (team from a boiler is admitted into 
the fpace beneath the bottom. This is found to give the pro- 
per heat with greater precifion than can be done (except by 
experienced workmen) with the charcoal fire ; for if the heat 
is too great it makes the oil rancid, and if it is too low the 
produce of oil will be diminifhed. In either cafe the pan 
muft have a fmall opening on one fide, and a fluice to (liut 
it up and keep in the feed until it is properly heated. Im- 
mediately beneath the door are two hoppers, which lead the 
feed down at the fide of the furnace, and ccndudl it into the 
flannel bags, which arc hung at the lower extremity, or fmall 
openings of the hopper. When the feed is faffii iently heated, 
and the prefs is ready for it, the fluice is opened, and the 
llirrer throws tlie feed out into the hoppers and the bags. 
Thefe arc made of flannel cloth, which is found the bed fub- 
ftance to relifl the preflure and admit the oil through. The 
bags, before they are put into the prefs, are flattened by the 
hand, and wrapped up in a long (lip of very thick leather, 
which enclofes it, and prevents the bag being burft by the 
preflure. 

^ Our readers will now comprehend the ftruAurc of the 
oil-miU; but as in all operations of this nature much manage- 
ment is requifite to carry them on to the bed efle61, we 


OIL 

(hall briefly deferibe the procefs followed by our mod care- 
ful manufa6lurers of oil. 

Linfeed and rape-feed arc the produce of almod every 
county in England, and as the confumption of the oil for 
painting is not confined to particular places, the manu- 
fafture is carried on in every part of the kingdom. A great 
number of oil-mills are to be met with in Hull, and other 
parts of York(hire, where they have the advantages of falls 
of water. The feed is firft bruifed between the rollers, to 
crack every grain without feparating their parts ; this very 
much facilitates the operation of t^e grinding, for the grains 
are fo hard and fmooth, that they (lip away from beneath 
the runner-dones, and it would require a long time to get 
all the grains crufhed; but by the rollers every grain is 
broken, and then the runner-dones ad with proper effed. 
The rollers require fo much power, that in fmall mills they 
cannot drive the other machines at the fame time ; but this 
is no objedion to them, bccaufe tht/ ad with fuch rapidity, 
as in a very (hort time to bruife feed enough for the whole 
day’s work. The feed, after being cruflied between the 
rollers, is fpread by a (hovel upon the nether inill-ftoine L, 
to be ground by the runners. That this m; y be more expe- 
ditioufly done, one of the runners is fet about two-thirds 
of its own thicknefs nearer the (haft than the other. Thus 
they have different circuits, and the grain, which is a little 
heaped towards the centre, is thus bruifed by both. The 
inner rake gathers it up under the outer ft.ncs into a ridge, 
over which the done paffes and flattens it : it is then 
gathered up again by the outer rake into a ridge under the 
inner done. The outer rake confiils of tv o parts; the outer 
part preffes clofe on the wooden border dJf winch furroimds 
the nether done, and (hoves ihe feed obliquely inwards, 
while the inner part of this rake gathers up what had fpread 
towards the centre. 

The outer rake has a joint near the middle of its length, 
by which the outer half of it can be raifed from the nether 
done, while the inner half continues preffing on it, and thus 
ferapes off the moid feed, which is like a paftc. When the 
feed is fufficiently bruifed, the miller lets down the outer 
end of the rake ; this immediately gathers the whole charge, 
and (hoves it obliquely outwards to the wooden rim, where 
it is at lad brought to a part that is left unboarded, and it 
falls to the ground. In the Dutch mills it falls through 
troughs placed to receive it. Thefe troughs have holes in 
the bottom, through which the oil drips all the time of the 
operation. This part of the oil is conveyed into a peculiar 
cidern, being confidcred as the pureft of the whole, having 
been obtained without preffurc, by the mere breaking of 
the* hull of the feed. 

The feed in this country is feldom fo ripe as to yield 
any oil in this ilage without preffurc; but in fome mills 
they take a quantity ©f their bell feed from the Hones, and 
putting it into bags giv:j it a moderate preffure by a ferew- 
prefs. Tiie oil thus obtained is called cold .drawn, and 
is fold at a higher price for the ufe of cabinet m«ikers, 
who rub tiit'.r ornamental wood work with it to give a 
poli(h : i« other work, the cold drawn oil is nothing nfiore 
than the fird obtained by the prefs, but without healing the 
feed. 

In fome of the Dutch mills, a much greater quantity of 
oil is obtained iu the grinding, without preffure, by having 
the bed of mafonry, which fupports the lower miU-ffone, 
formed into a little furnace and gently hea'tu* But the 
uynod care is neceffary to prevent the heat from becoming 
confiderable. This enabling the oil to diffolve more of the 
fermentable fubflance of the feed, expofes the oil to tlie 
nik of growing foon very rancid, and in general it is thought 
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a hazardous praAice, and the oil does not bring fo high a 
price. 

When the feed is very dry, a little water is thrown in among 
it whilil grinding, which is found to facilitate the procefs. 
In about twenty minutes a charge of feed will be fufficiently 
ground, and is then carried to the chaufer pan, where it is 
heated previous to being prefTed. Here the llirrer keeps 
it from burning to the bottom of the pan : while this 
is doing the wedges of the prefs arc taken out, both the 
Hampers are hauled up, and the iron lids at dd^ which 
are to include the bags of feed, are opened out ready to 
receive them. When the feed is fulHciently heated the 
fluice is opened, and the Ilirrer throws it out into tfie bags, 
the workman flattens them, wraps them in the leather, and 
puts them into their places. The wedge, 4 , is now introduced, 
and the Hamper, V, difengaged to drive it down. After a few 
blows the oil begins to run, and this continues till the wedge 
gets fo fall, tliatthe Hamper will rebound up from it two or 
three times : it is then judged that it can be driven no farther. 
The Hamper, V, is now hauled up, and the other let loofe. 
l^his at one or two blows drives down the wedge W, and re- 
lieves the preflure, after which the wedge and the bags may 
be taken out to put in a frefh charge. The contents of the 
bag are comprefled into a denfe cake, from which the bag 
is Hripped off, and the cakes are ground up, and fubjedlcd 
to a fecond preffure. They are broken into pieces by the 
fliovel, and thrown under the runners, where the cake is 
again broken down, and the parenchyma of the feed re- 
duced to a fine meal. Thus free cgrels is allowed to the oil 
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from every veficlc in which it is contained. But it is now 
rendered much more clammy by the forcible mixture of the 
mucilage, and even of the finer parts of the meal. When 
fufficiently ground th.e workman corweys the paHe to the 
chaufer pan, where it is heated rather more than for thefirll 
time, and the fecond preffure is conduced in the fame manner 
as the firff. The produce of oil from the fecond operation 
is very uncertain ; as it depends upon a number of circum- 
llances. It will fomelimcs exceed the quantity of the firH 
time, and at other times it will not be half as much. The 
bags for the fecond preffure are filled with twice as much 
feed as the firH time, and the cake will be more tlian twice 
as thick. The linfeed cakes are fold at a high price for cat- 
tle, but the rape-feed cakes arc ground to a coarfc powder, 
and in that Hate fold for manure. 

The mill fliewn in our plate is on a fmall fcalc, but many 
mills have from lo to i J preffet^ in ufc. A prcis will generally 
prefs feven cwt. of feed ter day the firH time, but only two, 
or two and a half cwt. for the fecond time, becanfe it re- 
quires as much more time for the lall operation. 

Refpeding the produce of oil from linlecd, we have found 
from an average of four months work of an oil- mill in 
Yorkffiirc, that 280 quarters of linfeed, generally weigh- 
ing 30 Hone (of ^Ibs. each) per quarter, produced 5616 
gallons of oil, which is at the rate of 20 gallons 
quarter. The greatell produce in the period from which 
this average was obtained, was 409 gallons from 20 quarters, 
or 20,’,. gallons quarter. The leall produce was 19^ 
gallons per quarter. 
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Ores 


Okes, in Mineralogy and Metallurgy^ lignity tliofc mineral 
fubllances found in ihe earth, from whicli nu talii are pro- 
cured. The ores of rnoit of the metak conlili of the metal 
combined with fomc other fnbflance, and the proccTs by 
which the metal is feparated from the combined matter, is 
termed the redudlinri of the ore. We Hiall not here enume- 
rate the ores of the different metals, as they are amply treated 
of under the refpedtive metals. 

^Jfay and Analyfts * — This branch of operative chemiflry 
18 divided into two parts, the one«called the humid, and the 
other the dry analyfis. By the firft of thefe, the fubftance 
is dilTolved in acids or alkalies, and the different conftituents 
feparated by different re-agents. The dry procefs confifts in 
firft expofing the ore to a red heat, for the purpofe of fepa- 
rating its volatile parts. The remainder is then treated with 
certain fiuxea and inflammable matter, to feparate the metal 
which is found in a rounded form, at the bottom of the 
crucible, and hence is called a button. 

A little refleflion will make it clear, that the humid ana- 
lyfis fhould always precede that of the dry. In order to 
know the nature of the particular flux to be employed 
after its ore has been roafted and its volatile products afeer- 
tained, it may be fubjedled to the aftion of fome acid, and 
firft the muriatic. If this has no adion upon it, try the 
nitric ; fhould this acid not diffolve the whole, try the nitro- 
muriatic, which may confift of equal parts of the two acids. 
If the whole is not diffolved by this, it may be prefumed 
that the ore contains flint, or fomc fait not dccompofable by 
the above acids. Under either of thefe circumftances it is 
proper to fufe the or- with pure potafh, in a filver crucible. 
The fufed mafs will be of a dark green if iron be prefent, 
of a grafs green if tlie ore contain copper, blue with cobalt, 
yellow with lead, and purple with manganefe. This mafs 
being boiled for fome time with diftilled water, till all the 
foluble matter is taken up, muft now be treated with nitric 
acid. It is probable that all, except the filex, will be diffolved 
in the acid. From this acid folution, with the different lifts, 
it muft be afeertained what are the conftituents of the ore, 
and afterwards the different fubftances muft be feparated 
with a view to determine their proportions. See under the 
different metals AJfay and Analyfu, 

When the nature and proportions of the different lub- 
Aances combined with the metal conftituting the ore arc 
made out, the next thing is to expofe it in a crucible, with 
fuch fubftances as will combine with the matter to be fepa- 
rated, the compounds cither becoming fufible or being fepa- 
rated in the form of gas. For inftance, in the fmelting of 
iron ores of the argillaceous kind, lime is ufed in order to 
form a fufible compound with the alumine, and charcoal or 
coak in order to form carbonic acid with the oxygen of the 
oxyd of iron. If the ore contain filex, potafh or ioda fhould 
be ufed in order to form glafs, which is greatly more fufible 
than the earth would have been with the metallic oxyd a^ne. 
Borax is frequently employed as a flux from its great faci- 
lity of combining with the filex and other earths. See 

Stones, Analyfis of. . 

Ores, T)r^ng^ or Wefhing of is the preparing them as 
they come rough from the mine, for the working by fir^ 
This is done feveral ways in different countries, and in refpecl 


to the different ores of the metals. In Dcvonfhire we have 
a very eafy method, which is fo expeditious, and fo good 
for all the piirpofes, that it is worthy of inutation in other 
places. After the ore is dug, it is tofled up by hand from 
fhamble to fliamblc by the fliovcl-men in the mine, and drawn 
up in buckets by a wincli at the top of the fliaft. As foon 
as the whole quantity for one drefiing is brought up, the 
large Hones are broken, and the whole is then carried to the 
mills, where one horfc turns a w'hcel that moves the machines 
for powdering a great quantity of it : thefe arc called the 
ftamping or knocking mills. Th^ ore is unloaded at the 
head of the pafs or entrance into ihefc mills : this pafs is 
made of two or three bottom boards and two fide-boarch, in 
forni of a hollow trough, and Hands in a flanting direiFfion. 
The ore by its own w’eighi Is carried down this trough, and 
lodges itfelf in the coffer. I’he coffer is a long fquare box, 
made of the firmcH timber, :i'id of three feet long, and a fo«ji 

and half broad. The ore is not fuffered to fall into this all 
at once, but is Hopped over the mouth of the trough by a 
crofs board, where a cock turns in a quantity of water at 
the fame time, which waHics down niH as much of the ore 
with it into the trough, as there ought to be. In this coffer 
there are three lifters placed between two Hrong board- 
leaves, having two braces or thwart-pieces on eaai fide to 
keep them Heady, as a frame with Hamp-heads, Thefe 
heads are of iron, and weigh about thirty or forty pounds 
a-piece, and ferve to tlic breaking of the lumps of ore in the 
coffer. 

The lifters arc about eight feet long, and half a foot 
fquare. They are always made of heart of oak, and have 
as many in-timbers or guiders between them : they are lifted 
up in order, by a doub’e number of tappets, which arc faf- 
tened to as many arms pafling diametrically through the great 
beam, which is cither turned by the wheel and horfc, or, 
where there is a conveniency of water, by an overfliot watcr- 
w'heel on two boulHers. Tiie tappets exadfly but eafily 
meet with the tongues, w hich arc fo placed in^thc lifters, as 
that they eafily Aide from each other, and fufl’er the lifters 
to fall with great force on the ore in the trough. The fre- 
quent pounding of thefe foon reduces the large maffes into a 
lort of fand, which is wafhed out of the trough by the con- 
tinual current of the water from the cock through a brafs- 
grate, which is placed at one end of the coffer between two 
iron bars. This operation is called by the miners bricking^ 
or brick-w’orking tlie ore. See Buddue. 

The powdered ore is conveyed out of the trough into the 
launder^ which is a trench cut in the floor of eight feet long, 
and ten feet over. This is Hopped at the lower end wiUi 
turf, fi> that the water *i 8 all fuffered to pafs away, and the 
powder of the ore is Hopped. Thus the launder by degrees 
fills up with the dreffed ore, and this is removed out with 
(hovels, as occafion requires. The launder is divided into 
three parts, the forehead, the middle, and the tail : that ore 
which lies in the forehead, that is, within a foot and a half 
of the grate, is always the richeft and beft, and is laid up in 
a heap by itfelf ; the middle and tail afford a poorer one, 
and thefe are fometimes laid up in feparate heaps ; fometimes 
thrown in one heap together. 



Paper 


Pr\PER, a thin flexible leaf, ufually white, artificially 
prt-narecl of fome vegetable fubitance, chiefly to write upon 
with ink 

'^rhe word is formed from the Greek papyrus, the 

name of an Egyptian plant, called alio /5itTAoc, biblus, on 
which the ancients ufed to write. 

Various are the materials on which mankind, in different 
ages and countries, have contrived to write their fentiments ; 
as on flones, bricks, the leaves of herbs and trees, and their 
rinds or barks ; alfo on tables of wood, w ax, and ivory ; to 
which may be added plates of lead, linen rolls, &c. At 
length the Egyptian papyrus was invented; then parchment, 
then cotton paper ; and, laftly, the common, or hnen paper 
VidcMaffei Iftor. Diplom. lih.ii. ^ ^^*hl. Ital. tom.ii 

p. 242. Leo Allat. Antiq. Hetrufe. p. 127, b*q. Hug 
deScrih. Origin. Alex, ah Alexand. lib. ii. cap. 30. Bar- 
thol. diff’. 4. de Libr. Legend, p. 90, feq. 

In f(jme places and ages they have even written on the 
fltins of llffics ; in others on the iniellines of ferpents ; and 
in others on the backs of tortoifes. (Mabill. dc Re Diplom. 
lib. i. cap. 8. Fabric. Biblioth. Nat. cap. 21, &c.) 'Fhcrc 
are few for'^s of plants but have at fome time been ufed for 
paper and books : and hence the fevcral terms, l/iblos^ codex^ 
liber y folium^ tabula^ tillura^ philuray fcheday which 

exprefs the feveral parts on which they were written ; and 
though in Europe all thefe difappeared upon their introduc- 
tion of the papyrus and parchment, yet in fome other coun- 
tries the ufe of divers of them obtains to this day. In Ceylon, 
for iniiance. they wiite on the leaves of the talipot. And 
the Bramin MSS. in the Tulinga language, fent to Oxford 
from Fort St. George, are written on leaves of the ampana. 


or palma Malabarica : Hj-rmannus gives an account of a 
monrtrous palm-tree called codda pana, or pahna montana 
Malahartcay which, about the thirty- fifth year of ps age, 
rifes to be fixty or fevenry ffet high, with plicated leaves 
nearly round, twenty feet broad ; with which they com- 
monly cover their hoiifes ; and on which they alfo write ; 
part of one leaf fufficing to make n moderate book. They 
write between the folds, making the characters through the 
outer cuticle. Knox. Hift. Ceyl. lib. iii. Le Clerc. Bibl. 
Univ. tom. xxiii. p. 242. Phil. Tranf. N® 246. p. 422, 
feq Vide Hort. Ind. Malab. p. 3. Phil. Tranl. N'^ 145', 
p. 108. 

In the Maidive iffands, the natives are faid to write on 
the leaves of a tree called macaraqueany which are a fathom 
and a half long, and about a foot broad- And in divers 
parts of the Eall Indies, the leaves of the mu fa arbor, or 
plantain-tree, dried in tlie fun, ferved for the fame ufe, till 
of late that the French have taught them the ufe of Euro- 
pean paper. Ray, in fine, enumerates divers kinds of 
Indian and American trees wlrch bear leaves proper to be 
ufed as paper ; particularly one called xa^ua, which ha.s 
fomething in it extraordinary ; its leaves are io large, and 
of fo dole a texture, that they cover a man from top to toe, 
and fficlter him from the rain, and other inclemencies of the 
weather, like a cloak : and from the innermoft fubffance of 
thefe leaves, a paper is taken ; being a white and fine mem- 
brane like the flein of an egg, as large as a fkin of our vellum 
or parchment, and nothing inferior for beauty and goodnefs 
to the bell of our papers. V.de Savar. D. deCoiniXi. tom. ii, 
p. 967. Vide Ray Hid. Plantar, tom. li. lib. 32. Nouv. 
Rep. Let. tom. xii. p. 361. 

Paper is chiefly made among us of linen, or hempen rags. 
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beaten to a pulp in water, and moulded into fquarc flieets, 
of the thicknefs required. But it may alfo be made of 
nettles, hay, turnips, parfnips, colewort-leaves, a(bertus, or 
any thing that is fibrous ; nay, it may be made of white 
woollen rags ; though this would not ferve for writing, 
becaufe of the hairinefs. The Chinefe paper is fo fine, that 
many of the Europeans have thought it was made of filk ; 
not confidering, fays Du Halde, that filk cannot be beat 
into inch a palle, as is neceflary to make paper ; but it is 
to be obferved, that the fame author afterwards fpeaks of a 
paper, or parchment, made of tlie balls of filk worms; 
and the like, we are affiired.by oilierR is done at Cathay. 
Hought. Collei^. N** tom. ii. p. 418, fcq. Dc- 

feript. of China, p. 360. feq. Vide BufiK*q. Lcgat. Turc. 
Epill. iv. p. J29. 

Paper, with regard to the manner of making it, and the 
materials employed thertin, is reducible to divers kinds : 
as the Egyptian^ European^ and Chhiefc paper : \vc alfo find 
mention ot cotton paper^ barEpapct\ and aJhfjUnt: or incom- 
huflthle paper. 

Paper, Egyptian^ is that which was principally ufed among 
the ancients : it was made of a rulh called papyrus, or 
biblus, growing chiefly in Egypt, about the banks of the 
Nile ; though it was alfo found in India ; and Guilandinus 
alTurea us, he faw in Chaldsca, at the confluence of the 
Tigris and Euphrates, large fens, in which, with his own 
hands he plucked a papyrus differing in nothing from that 
of the Nile. Strabo likewife fpeaks of a fort of papyrus 
growing in Italy ; but we do not find this was ever ufed for 
making paper. 

The defeription given by Pliny of the papyrus, or paper- 
reed, is fomewhat obfeure. Its root, according to him, 
is of the thicknefs of a man's arm, and ten cubits long; 
from this arife a great number of triangular flalks fix or 
feven cubits high, each thick enough to be cafily fpaniied ; 
its leaves are long like thofe of tlic buU-rufh ; its flowers 
llamineous, ranged in duilers at the extremitico of the flalks ; 
its roots woody and knotty like thofe of ruflies, and its 
taftc and fincll near akin to ihofe of the cyperus, under which 
genus Linnaeus has clafTed the papyrus. (Sec Cvperus.) 
Vide Plin. Hift. Nat. lib. xiii. cap. 11. Vide Tlieophr. 
Hilt. Plant, lib, iv, cap. 9. and Delecamp, who gives us 
a figure of it, Hifl. lib. xviii. p. 1883. See alfo Bauhin. 
lib. xviii. cap. 186, who, with Gcfncr, makes it a fpecies of 
Cyperus. Gr^jw Muf. Reg. Societ. p. 2. fed. 2. p. 125, 
ftq. Maffei Iflor. Diplcm. Bibl. Ital. tom. ii. p. 246. 

Bofides paper, they made fails, ropes, and other naval 
rigging ; as alfo mats, blankets, clothes, and even fliips, 
of the ftalk of the papyrus. Mofes, we are told, when 
a child, was expofed on the banks of the Nile, iv wari/py, 
i. e, in a baficet of papyrus. The Egyptian priells wore 
(hoes of papyrus. 

Guilandnuis, a Pruflian phyfician before mentioned, has 
a celebrated work exprefsly on the ancient papyrus, by way 
of commentary on three chapters of Pliny, in whicli is 
amply, and with great Icahiing, explained all that relates 
to this fubjed ; yet Scaliger has written a fevere critique 
on it, in which fome inaccuracies of Guilandinus are pointed 
out ; but this has not hindered Kirchmayer from adopting 
almofi Guilandinus's whole book in his difiertation on the 
papyrus. Add, that the moil ingenious and learned count 
Scipio MafTei has lately vindicated Guilandinus again fl the 
exceptions of Scaliger, as well as of Voflius and Hardouiii. 
(Vide Iflor. Diplomat, lib. ii. Bib!. Ital. tom. ii. p. 248. 
Melch. Guilandini Papyrus, h. e. Commentariiis in tria 
C. Phnii Majoris de Papyro capita, fc. lib. xiii. cap. 11, 
12, 13, firil pubhfhcd at Venice in and afterwards 
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at Amberg, in 1613, by Salmuth.) It fecmi, Guilandinus 
intended a commentary on the whole of Pliny's Natural 
Hiflory ; but this fmall part, not exceeding a moderate 
page* taking him up full fix months, it is no wonder he 
was difeouraged from proceeding with the reft. In thefe 
three chapters he has reflorcd about twenty paffages in the 
text of Pliny, not merely from his own conjcfture, or the 
help of MSS. but from the nature of the things deferibed, 
and the tell'imonics of autliors of the firft rank : befides that, 
he had been upon the fpot, where formerly the papyrus 
was manufadlured, and had carefully examined all the ancient 
Greek aed Larin authors who fpeak of it. 

Jol. Jull. Scaiigcri Aiiimadverfiones in Mi lchioris Gui- 
landini Commcnlarium in tria C. Plinii capita, hb. xiii. 
Hifloruc Mundi five Naturalis, quibus agil d<* Papyro, firfl 
publifiicd in the Led^ioncs Bibliothecanx Metnorabiles, of 
Rudolphus Ca}'cllu8, at Hamburgh, in 1682, where he 
follows (luiiandmus ftep by flep, finds as many faults in 
him as hi^* father had done in Cardan, and ufts him alto- 
gether as coarfely ; every where pointing out his literary 
mi Hakes, and labouring to fliew, that inllead of reftoring 
Phny, he has often miftaken and corrupted liirn. M. Seb. 
Kirchmaieri Uffenhaimenfis Fraiici Diflertatio Philulogica 
dc Papyro veterum, Wittebergce 1666, 4(0. 

He had dour better ferviee, if, befides Guilandinus, he had 
confultcd others, and particularly Scaliger. But as he 
chofc to follow one rather than many, and that too as the 
blind follow their guidt'S. his fate has been much the fame. 

The origin of the art of making paper of the papyrus is 
very obfeurt ; no doubt it was firll difcovercd in Egypt, 
llidorc fixes it more particularly to the city Memphis, Ong. 
lib. VI. cap I o. ill which he feems to be countenanced by 
Lucan, whore ho fayi, 

“ Nondum flumineas Memphis contexcre hiblos 

Noverat Pharfal. lib. iii. v. 222 

The era of this invention is warmly difputcd ; Varro, the 
moll learned of the Romans, fixed it to the time of Alex- 
ander the Great, after the building of the city of Alex- 
andria by that conqueror ; but feveral objeftions, of no 
fmall weight, are brought agaiull this deciiion. Pliny re- 
cites a paflage out of a very ancient annalill, one Caffius 
Hemina, wherein mention is made of paper hooks found 
in Numa’s tomb, five hundred and thirty-five years after hia 
death, whicli had been buried with him ; now Numa was 
prior to Alexander by above three hundred years. Gui- 
landinus, in efled, maintains, with great erudition, that the 
name and nfc of the papyrus were known to the Greeks 
long before Alexander conquered Egypt ; and that the 
words and v occur in their received fignification 

in authors prior to, or at leafl older than, Alexander ; par- 
ticularly Anacreon, Alcsens, Plato the comedian, Arif- 
tomencs, Cartinus, Aniiphanes, Plato the philofoplier, .^f- 
chylus, and Ariftotle, And whereas fome fpeak of a kind 
of unknown pfeudo-biblos, in ufe before the difeovery of the 
true fort, he argues, on the contrary, that the biblos men- 
tioned by thofe authors, prior to the conqucfl of Alexan- 
der, appears from Herodotus, Theophrallus, and others, 
to be the very fame plant with the biblus, 6r papyrus, of 
which paper was afterwards made ; even I“lomcr and Hefiod, 
the moll ancient Greek poets, and who by Herodotus's tef- 
timony lived about four hundred years before himfelf, ap- 
pear to have been no ftrangers to the papyrus, fince they 
both make exprefs mention of it. Vide Phn, lib. xiii. 
cap. 13. Gniland. Papyr. Mcmbr. 2. Reim. Idea Syft. 
Aniiq. Liter, p. 285, feq. Kirchman Dill, de Papyr. 
art. ii. fed. 2. 
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To this it may be anfwercd, that fuppofing the plant 
papyrus known in Greece long before Alexander’s conqueft 
of Egypt ; it no more follows, that they had then the ufe 
of paper ; than it follows, that men had wine immediately 
on the difeovery of the vine. 

In reality, Guilandinus produces teftimonies, from Ana- 
creon and A lex us, in which the papyrus is employed for 
binding, and not for paper; addj that he ill tranflatcs tv 
9pta>.i»;^yov, ellychnium ; fince \i.»;:(;vov here is the torch itfelf* 
Nor does the port fay it was made of papyrus, but tied 
up with it. Vide Scalig. lib. cit. Reimm. ubi fupra, 
p. 305. feq. 

Some have even doubted whether the art of manufac- 
turing the papyrus was fo ancient as Alexander’s time; 
chieAy on this ground, that, for two hundred years after 
Alexander, men wrote on /kins, and on the barks of trees : 
but this is nowife concliifive The fcarcity of the new 
manufacture may account for it ; for fame ages afterwards, 
even as low as Tiberius, we read of fucli a fcarcity of 
paper, that its ufe, even in contracts, was difpenfed with by 
a decree of the fenate, and the opinion of the judges. The 
fame confideration may be carried farther: paper might 
have been known in Egypt, Judxa, Syria, and Afia on 
this fide Taurus, long beh)re the birth of Alexander, though 
not in common ufe 5 but it might be later before the Euro- 
peans received it ; and probably it was by means of Alex- 
ander's conqueft that it Jirft became publicly known there. 

When the manufacture of the Egyptian paper ceafed, 
it another queftion ; for, at prefent, the papyrotfchnia 
tiaca may be reckoned among thofc arts that are loft. Euita- 
thius, the learned commentator on Homer, teftifies, that 
even in his time, viz. in 1170, it was difufed : Mabillon, 
indeed, maintains, that it continued till the eleventh century 
after Chrill ; and cites one Fridegod, a monkiflv poet of 
the tenth century, as fpeaking of it as fubfifting in the age 
before his, that is in the ninth ; and that it continued longer, 
the fame Mabillon endeavours to evince, from fcveral papal 
bulls wrote on it as low as the eleventh century. Vide Euf- 
tath. ad Homer. Odyft. (p, VofT. de Art. Gram. lib. i. c. ^7. 
Vide Mabill. Dc Re Diplomat, lib. i. cap. viii. feCt. 6. leq. 
Reim. Idea Sy ft. Antiq. Liter, p. 31 1. 

Maftci, on tlx other hand, maintains, with more proba- 
bility, that the papyrus was generally difufed before the 
fifth century ; for that we find no authentic records, writ- 
ten on it, dated fince that time ; thofe bulls of popes, cited 
by Mabillon, appearing rather to be written on cotton 
paper. But this, wc may obferve, relates only to the gene- 
ral and legal ufe of the papyrus. For that it fhould have 
continued to be made by particular perfons feveral hundred 
years after it fir ft began to give way, is not to be wondered 
at. Vide Maftci Iftor. Diplomat, loc. cit. Bib). Ital. 
tom. ii. p. 251. 

In reality, a more commodious fort of paper, made of 
cotton, having been invented fome ages before in the Eaft, 
and coming to be introduced into Europe, feems to have 
brought the papyrus into difiife. To which the continual 
wars with the Saracens, by which the traffic to Alexandria 
was rendered precarious, might poflibly not a little con- 
tribute. 

Yet feveral books, written on leaves of the papyrus, have 
even continued to our days : Mabillon fays, he had one of 
them ; and adds, that there was another in the Petavian 
library, being a volume in fmall folio, containing feveral 
fermons of St. Auguftine ; he alfo mentions a third, contain- 
ing that father’s epiftles, formerly belonging to the church 
of Narbonne, and afterwards in the cuftody of madame 
De Phirmacoo ; befides the homilies of Avitus, bifhop of 
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Vienne, and divers diplomas or charters, all written on 
papyrus, which appear not to be lefs than eleven hundred 
years old. But the decilions of this learned father concern- 
ing MSS., notwilhftanding all his diplomatic flcill fo highly 
boafted of, are not always infallible ; witnefs his taking the 
MS. of St. Mark's Gofpel. at Venice, to be written on 
the Egyptian papyrus ; and that of Jofephus, at Milan, 
not to be fo. Maffei (hews, on the contrary, that the 
former is cotton paper ; and that the latter appears, at firft 
fight, to be Egyptian ; not but the Venetian MS. is very 
old ; but it has been fo much ufed, that its leaves are, as it 
were, transformed into the original pafte from whence they 
are made. Vide Mabill. Suppl. ad Libr. de Re Diplomat. 
Journ. des S9av, tom. xxxii. p. ii. p. 992. Maftei, lib. 
cit. Bibl. tom. ii. p. 252. And Montfaucon. Palcog. Grxe. 
p. 14. 

Paper, Manner of making the Egyptian. They began 
with lopping off the two extremes of the papyrus, viz, the 
head and root, as of no ufe in this manufacture ; the re- 
maining Hem they flit lengthwife into two equal parts, and 
from each of thefe they ftripped the thin fcaly coats or 
pellicles, of which it was compofed, with the point of a pen- 
knife. The innermoft of thofe pellicles were looked on 
as the bell, and thofe neareft the rind or bark the word; 
they were kept apart accordingly, and couftituted difi'er- 
ent forts of paper. 

Thefe pellicles are called, in Pliny, by twelve different 
names; viz. philurat ramentunu fchecloi cutis t pJagula^ coriumf 
tanhi, fuhtcgnifn^ Jlutumcrty pagina, tabula^ papyrus. 

The generality of c-itics, in lieu of a pen-knifc, employ 
a needle to feparate the pellicles ; in which they are war- 
ranted by the common text of Pliny, “ Prxparantur ex eo 
chartx, divifo acu in prasteniies, fed quam latilfimas phi- 
luras." But Guilandinus makes a correction here : he had 
found, by experiment, that the pellicles of papyrus cannot 
be feparated by a needle ; but that a very (harp knife is re- 
quired ; for which reafon, inftead of divijo acu^ he reads 
divifo fcapo. In which he is followed by Maffei, though 
Hardouin, Voflius, Pitifcus, and others, retain the ancient 
reading. Vide Guiland. Papyr. Membr. 10. feft. 3. and 5. 
Maffei Iftor. Diplom. ap. Bibl. Ital. tom. ii. p. 247, feq. 
Voff. De Art. Grammat. lib. i. cap. 37. Piiifc. L. Ant. 
tom. i. p. 413. voc. Ghana. Hardou. ad Plin. Lb. xiii. 
cap, 12. 

As the pellicles v/ere taken off, they extended them on a 
table ; then two or more of them were laid over each other 
tranfvcTely, fo as that their fibres made right angles ; in 
this ftate they were glued together by the muddy waters of 
the Nile. Thefe, being afterwards preffed to get out the 
water, then dried and laftly flatted and fmoothed by beat- 
ing them with a mallet, conftituted paper: which they 
fometimes poliflied farther by rubbing it with an hemifphere 
of glafs or the like. 

In other countries where the waters of the Nile wxre not 
to be had, the pellicles were faftened together with a pafte 
made of the firieft wheat-flour, mixed with hot water, and 
a fprinkling of vinegar. 

The ingenious and learned count de Caylus, in his ac- 
count of the papyrus, informs us, that the intermediate 
part of the ftalk was cut and feparated into different laminx, 
which were fet apart, and dried in the fun for the manu- 
facture. Thefe laminx were joined together horizontally 
or tranfverfeiy, in (beets or leaves, upon a fmooth board : 
then moiftened with water, which diffolved a kind of vif- 
cous glue in the pores of the plant, ferving to cement and 
render the whole uniform. The (hect, being thus formed^ 
was put into a prefs,' and afterwards dried for ufe. Such, 
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lie fays, was the procefs of making paper in Egypt ; but 
as the flieets were coarfe, brown, unequah and imperfeft, 
the Roman^ invented methods to br-rv^ the fabric to per- 
fedlion. They contrived a glue or gum, by means of 
which they could occafionally enlarge the iize and volume. 
They bleached it to a furprifing deg’-ec of whitenefs; they 
beat it with hammer*?, fo as to render it more thin and lefs 
porous ; they fmoothed and poiiOicd it with ivory ; and by 
a fort of calender gave i^ a (hining glofs, like tint of the 
Chinefe paper. According to tlie different degrees of de- 
licacy, whitenefs, and fize, it acquired different appella- 
tions either from the names of particular mannfarturcs, 
from the great perfonages who iifod it, or from the par i- 
cular ufes to wlii(‘h it was applied ; fuch as the Fanniaii, 
the Livian, the Claudian, the Imperial, the Hieratic and 
the Amphitheatric. 

There were paper maniif uflures in divers cities of Egypt; 
but the groaiell and moil celebrated was that at Alexandria, 
where, according tu Va^ro’s account, paper was lirll made. 
It is certain at leafl it was from hence that Greece and Italy 
was fur. idled, on account of th? convenient litnation oi that 
port ; and it is more than probable it was this tha^ gave the 
Romans occafion to conclude ♦he art had been invented there. 
Jt was not til’ late, -when Egvpt was reduced into a Roman 
province, that they Ind much iipercourfe, or even know- 
ledge of the inland e ties^of Egypt, where paper was alfo 
made. The trade and confin ption of this commodity were 
in reality incredible. Vopifcus relates, that the tyrant Fir- 
mus, who rebelled in Egypt, publicly declared lie would 
maintain an army cely with paper and glue, “ papyro & 
glutined^ This, Calaubon uuderllands as Ipoken of the 
produce and revenue of paper; though Sahnalius takes it 
to be meant of the papyrus itfelf, which could fupply moll 
of the ncccffarics of life. Vide Moutfauc. P.dreogr. Gnec. 
lib. i. cap. 2. p. 14. 

Wc find divers fpecies of Egyptian paper menti tied in 
ancient writers ; fome denominated from the places where 
they were rnantifadtured ; as r. Tmc jlmphtthccdricaj fup- 
pofed to have been ruAde in fome building belo-fgmg to an 
amphitheatre at Alexandria; th uigh Guilandmus, with 
more probability, reads it ArthrihiUca% from Arthnbus, a 
city in the middle of the Delta, winch waw the place of its 
tnanufadlure. What countenances this correction, is, that 
we find mention of this paper belore there was fo much as 
an amphitlieatrc at Rome, much lefs at Alexandria. 2. Sax- 
ticdy made in the city Sais. TamotUof or, according to 
others, TmUca^ w hofe place authors are not agreed on. 
There were alfo other forts denominated from the makers ; 
as T. The Fitnniana, from the grammarian Rfirm. Fannins 
Palxmon, who kept a paper work. This kind was fmall, 
but finer than the Amphitheatrical paper; being firlt 
wrought at Alexandria, and afterwards fini/hed at Rome. 
2. Ciaudia^ firil made by order cf the emperor Claudius. 
This was reputed the bell of all, in that, bcfides the two 
pellicles, in common with the rell, it had a third. Others 
were denominated from the ufes they were intended for ; as, 
I. Hieratlca, the firft or oldeff fort, which wa: appropriated 
to religious ufes ; this was afterwards denominated Augujla 
and LtDtana^ in compliment to the emperor of that name, 
and his wife ; who, according to fome, improved and made 
it whiter than before. 2. JEntporetica^ or JEmporicdy a fmall 
and coarfe fors ferving for fiiopkeepers uien, to tie up 
goods, See. The qualities for which the ancient papers 
were prized^ were their thinnefs, clofcnefs, whitenels, and 
fmoothnefs; though their breadth alfo confidcrably en- 
banced their value. That fort called charta Claudia was 
thirteen inches wide; Hieratica^ eleven; FannianUj 


71 

ten ; and the Amphitheatrica^ nine ; as to the Saitug^ it tx» 
cecdrd not the diameter ot the mallet it was beaten with. 

See farther concerning thr ancient paper, in Nigriloli 
Diff. de Charta, ejufque Ulu apud Aniiquos. Ext. m 
Galcr. de Miner v tt)m. ni. p. 249, fcq. Ocher authors arc 
ciuinieraled in habne. liibl. A .liq. cap. xxi. fed. 0. p. 600. 
Pitfc. 1^. Ari*^. loc. cit. 

pAriiu, Barky if it may be fo called, was only the libera 
or inner whililh rind enclofed bet w etui llic outer bark and 
the w'ood of divers trees, as the maple, plane, beech, and 
elm, but efpccially the tiliay or Undm-trecy which 

was that molUy ufed for this purpofe. On this, ffrippcd 
off, flatted, aiid dried, the ancients wrote books ; feveral of 
which aa* faid to be ffili extant. Vide Plin. liifl. Nat. 
Ill), xiii. cap. II. Hardou. Not. ad eund. Suid. Lex. in 
voc. Ifid. Ong. lib. vi. cap, t^. Alexand. ab, 

Alexand. hh. ii. cap. 30. Salmulh. ad Pancirol. lib. ii. 
tit. 13. p. 252, feq. 

Mcibillun and Montfaucon fpeak frequently of manuferipts 
and diplomas on bark, and are very exprefs in diflinguifhing 
between the papyrus ufed by the Egyptians, and tlic liber 
or bark in life in other countries The two are alleged to 
differ in tliis, iliat the bark paper was thicker and more 
l)rittle than the papyrus, as well as more apt to cleave or 
ftiiver, by wliich the writing was fometimes loll ; as is the 
cafe in a bark manufcript iu the abbey of St. Germain's, 
where the bottom of the paper remains, but the outer fur- 
face, on which the letters had been drawn, is in many places 
peeled off. 'Vide Moutfauc. Pah'iogr. Gr. lib. i. cap. 2. 
p. 15. Mahill. de Rc Diplom. lib. i, cap. 8. Reimm. Idea 
Syll. Antiq. Liter, p. 311. 

But Maffei, it mull not be forgot, combats the wliolc 
fyftem of bark manuferipts and charters as a popular error; 
and maintain*-', that the ancients never wrote diplomas on 
bark; that the dillindion between the papers made of pa- 
pyrus and of cortex, is without foundation ; that the only 
uie of the tilia, or linden, was for making thin boards or 
tablets for diptycha or pocket-books, wherein they wrote 
on both tides, as is done among ns : an advantage which 
tliey could not have in the Egyptian paper, by reafon of its 
thinnefs. 

A la"e French writer on llic rules of criticifm wanders 
ftill farther out of the way, when he fpeaks of a fort of 
paper, in Egypt, made of the pith of the Cyprus: he de- 
fenbes the manner of preparation, which was by reducing 
this pull to a pulp, and then fpreading it out in leaves. Vide 
Hon. St. Marie Reflex, fur les Regl. de la Crit. tom. ii. 
diir. 77. 'rius wc fufped for a chimera hatched only in the 
critic's brain. 

Not but there occur divers anomalous forts of paper, 
which antiquaries are not a little puzzled what fpecies to 
refer them '.o ; ftich is that of two bulls in the archives of 
the church of Gironne, iflued by the anti-popes Romanus 
and Forrnofus, between the years 891 and 895. They 
are two eils long and one broad ; and confill of two leaves 
or pellicles glued together tranfverfely, and are Hill legible 
in moil places The coi jeftures cf the French literati, in 
regard to ihcfc, are numerous ; the abbot Hiraut de Bel- 
mont has a difeourfe exprefs on the occalion. Some will 
have them made of, the leaves of the algny or fea- wreck ; 
others of the leaves of a rulh, called la boga^ growing in 
the marlhes cf Roufillon ; others of papyrus ; others of 
cutton ; a'ld others of bark. So little certainty does there 
really a'^pear to be in thefe tblngSi on which the critics 
neverthclefs often lay a great ftrefs. Vide Mem. de Trev. 
Sept. 1711, p 1559» feq* 

Papeb, Cotton^ charta bomhyctna^ (thus called 



72 

from , a word which anciently fignificd ^/it, though 

in after-times and came to denote cotton) y is a 

fort of paper which has been in ufe upwards of feven hun- 
dred years ago, as is fhewn by Montfaucon from feveral 
authorities; what is more, cotton paper appears to have 
been very common at the beginning of that time, and con- 
fcqiiently mull liave been invented long before, probably 
about the clofe of the ninth, or the beginning of the tenth 
century 

In the Frcncli king's library are MSS. on this paper, 
which, by the character, and other circurnllanccs, appear 
to be of the tcnih century. Be this as it will, from the 
twelfth century, cotton MSS. were more frequent than 
parchment ones. Vide Mo'ntfauc. Paliegr. Grace, hb. i. 
cap. 2. p. 17, feq item, lib. iv. cap. 6. p. 209. Maffci, 
lib. cit. Bibl. Pah tom. ii. p. 252. 

pAiM.n, Incomhujlthky is made of ibe lapis albeftos, or 
linum vivuin, which will hear burning without being in- 
jured. 

Dr. Bnu kman, profefTor at Brunfwick, lias piibliflied a 
natural hillory of tlie aibelline, or incombulliblc paper; and, 
wdiat is moll remarkable, has printed four copies of his 
hook on this paper: they are depofitcd in the library of 
Wolfcmbuttel. Vide Bibl. Germ. tom. xiv. p. 190. 

The manner of making this extraordinary paper is de- 
feribed by Mr. Lloyd, from an cflay made by himfelf. He 
pounded a quantity of the albeftos in a ftene mortar, till it 
became a downy fubllance ; then fifted it in a fine fearce, 
and hy this means purged it indiirerenily well from its terrene 
parts; becaufe the earth or Hones he could not pick out of 
it before, or at the pounding, being reduced to a powder, 
came through the fearce, the linum remaining. This done, 
he brought it to the paper-mill ; and putting it in water, in 
a veffel jult big enough to make a (heet with fuch a quantity, 
he Hirred it pretty much, and dcfired tlie workmen to pro- 
ceed wiiii It in tlie ufual method, with their writing-paper 
mould ; only to llir it about always before they put their 
mould in ; confidcring it as a far more ponderous fubdance 
than w'hat they ufed ; and that confequently, if not imme- 
diatelv taken up after it was agitated, it would fubfide. 

The paper made of it proved but coarfc, and was very 
apt to tear ; but this being the firll trial, there is rcafon to 
believe it might be much improved ; nor did the workmen 
doubt, but in cafe it w^re pounded in one of their mortars, 
for twesty hours fpace, it would make good writing-paper. 
Vide Piul. Trnnf. N' 166. p. 824. Sec Asbestos. 

Pai'KU, Linen ox Europeany is chiefly made of linen rags 
beaten to a pulp with great hummers, and the foil carried 
off by a coniimial fupply of frefh w’atcr, conveyed among 
the pulp ill little troughs, till it be rendered perfeAIy 
white. 

Befides the chief ufe of this paper, which is for writing 
and printing, there is a great confumption of it m packing 
up good*?, and on other occafions. 

The manufa'turc of paper has got footing in moll coun- 
tries ; though France, Holland, and Glmiuu, are the places 
where it has liicceeded bell. In the general it depends much 
on the quality of the linen worn in the country whejeil is 
made ; wliere that is coarfe and brown, &c. the rags, and 
confequently the paper made of them, mult be To too. 
Hence the whitenels of the Dutch and Flemilh papers, be- 
yond the Italian and French, and much more the German 
papers. The Engiifh manufacture was a long wlule in no 
great reputation ; but it is every day improving ; infomuch 
that we now import little of the ordinary forts, which were 
formerly all bi ought from abroad. Yet paper-mills are of 
fome Handing among us. Weft ;d one ereded at Dartford 
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as early as tns year 15S8, which we believe was the firll, 
and which is celebrated by a noted poet of that age, Tho. 
Churchyard, in a work in verfe, intitled “ A Defeription 
and Difeourfe of Paper, and the Benefits it brings ; with 
the fetting forth of a Paper-mill, built near Dartford, by a 
High-German, called Mr. Spilman, Jeweller to the Queen, 
Lond. 1588. 4to.’^ 

In reality, the deficiency of the Englilh paper manufac- 
ture did not feem owing fo much to the quality of our rags, 
as to the want of Ilcill and attention in the makers ; but the 
manufacture of paper has been very confidcrably encouraged 
in our country, and has already arrived to a great degree ol 
perfedtion. 

Anderfon, in his Hill, of Com. vol. ii. p. 197. fays, that 
till about the year 1690, there w^as fcarcciy any other kind 
of paper made in England, but the coarfe brov.m fort. But 
the war with France occafioning high duties on foreign 
paper, the French Proteil:int refugees fettled in England 
chiefly, and alfo our own paper-makers now began to make 
white wTiting and printing paper, wiiich, he adds, in length 
of time, has been brought to fo great perfection, both for 
beauty and fubllance, that in our own time we import only 
certain kinds of Genoa and Dutch paper, which bears but a 
very fmall proportion to all the paper ufed in the Britifh 
dominions. This has produced, it is faid, a faving to Bri- 
tain of 100,000/. which was paid annually to France for 
paper only. 

Another WTitcr fays, that the Englifli manufaAures now 
provide above feven-eigliths of the wdiole quantity of paper 
coiifumcd in Great Britain. 

When and by whom linen paper was invented is a fecivt. 
which Polydorc Virgil owns he could never trace. Scalige? 
will have it to have been found out by the Germans. Mallei 
affirms it certain, that the invention is owing to the Italians. 
Others aferibe it to lonie refugee Greeks at Bafil, who look 
the hint from the mariner of nraking cotton paper in their 
ow'n country. Conringuis takes the Arabs to have firll 
brought it among u?. Perhaps the Chinefe have the bell 
title to the invention ; who for many ages have made paper 
much after the lame manner ; and even, in fome provinces, 
of the fame materials, v/x. hemp, See. Vide Polyd. Virg. 
dc Inventor Rcr. lib. ii. cap. 8. Seennd. Scahger. p. 7, 
Fabric. Bibl. Antiq. cap. 9. fei^t. 21. Iftor. Diplom. hb li. 
Bibl. Ital. tom. ii. p. 253. Pliil Tranf. N 28B. p. 1515. 
Conring. Epilt. ap. Act. Enid. Lipf. an. 1720. p. 94. 
Savar. 1), Comm. tom. ii. p-963. Du Hald. Defer, Chin, 
tom. i. p. 363. 

Linen paper appears to have been firll introduced among 
us towards the beginning of the foi rieenth century. — The 
learned Conringms denic?, that there are many maniifcripts 
of this paper above four hundred years old ; with whom 
agrees the count Mallei, v;ho finds no marks of its ufe be- 
fore the year 1300. Vide Conring. Epiil. ap. Adi. Erud. 
Lipf. an. 1720. p. 94. Maffei Illor. Diplom. lib.ii. Bibl. 
Ital. tom. ii. p. 253. 

Some indeed go much farther back ; and take the /i^ri 
/inUi. mentioned by Livy, and other Roman wTitcri*, to 
have been w^ritten on linen paper; but Guilandinus, and 
after him ADatius, and others, have fufficiently refuted this 
notion ; and fliewn, that the /ilri lintei were written on adlual 
pieces of linen cloth, or canvas, prepared for this purpofe, 
fuch as painters Hill ufe ; and nut on paper made of linen 
rags. Vide Liv. Dec. 1. lib. iv. Plin. Hift. Nat. lib. xiii. 
cap. II. Pi ifc. L. Ant. tom. ii. p. 85. Guiland. Papyr. 
Memb. 25. Salmuth. ad Pancirol. lib.ii. tit. 13. p. 253. 

Others run into the contrary extreme, and make paper 
the invention of a very late date. The Jefuit Inchofer dates 
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its origin about three hundred years ago; with whom agrees 
Milius, in his “ Hortus Philofophicus/^ who maintainp, that 
the art of making paper was not invented till about the 
year 1470. Of the fame opinion feems Ray, who tells us 
the art of making this paper was not known in Guernfey 
till the year 1470, and when two perfons, named Anthony 
and Michael, firft brought it to Bafil, out of Galicia in 
Spain. In if the invention be owing to the refugee 

Greeks at Bafil, who fled thither after the facking of Con* 
ilantinople, it mu(I at Icafl be poderior to the year 1452, 
when that city was taken. Some add a farther argumQnt 
for the novelty of paper, drawn from the novelty of hempen 
cloth, which Rabelais, who died in 1553, mentions as firft 
found out about a hundred years before him ; and which 
was fo fcarce in the time of Charles VI I. of France, who 
died in 1461, that the queen, his wife, was the only woman 
in France that had a couple of fhifts of it. Vide Mabiil. 
dc Re Diplom lib. i cap. 8. Reimm. Idea Syll. Antiq. 
Liter, p. 313, feq. Balbin. Mifcell. Hill. Bohem. cap. 22. 
Adi. Erud. Lipf. 1682. p. 243. Ray Hill. Plant, lib* xxii. 
Phil. Tranf. N '288. p. 1515. Naudeean. p 82. Nouv. Rep. 
Let. tom. xxvi. p. 571. 

But thefe fuggellions are refuted by Mabillon, from the 
teftimonies of writers prior to the lime here fpoken of, and 
from many manuferipts of about four hundred years old, 
which are written on linen-paper. The Jefuit Balbiniis pro* 
duces divers inllances of paper manuferipts, written before 
the year 1340. An ingenious writer of our own country 
affures us, he had a piece of paper which aa:recd well with 
the charter dated in 1358, in the thirty-fecond year of 
Edward III. He adds, that in the arrluves of the library 
belonging to the dean and chapter of Canterbury, is an in- 
ventory of the goods of Henry, prior of Chrifl-church, 
who died in 1340, w-ritten on paper; and that in the Cotton 
Library there are fcvcral writings on our paper, in the times 
of moll of our kings and queens, as high as the lifreenth 
of Edw. III. winch coincides with the year 1335. ' And 
Dr. Prideaiix ailures us he has feen a rcgiftration of fome 
afts of John Cranden, prior of Ely, made on paper, which 
bears date in the fourteenth year of king Edward II. that 
is, anno Domini, 1320. Mabiil. loc. cit. Balbin. lib. cit. 
Phil. Tranf, N 288. p. 1513. Prid. Conned, p. 1. 1 . 7. 
p.710. 

Add, that the invention of paper may appear more mo- 
dern than it is, becaiife records we»e not ufed to be written 
on it, but it w^as a <oniiderable time confined to letters, and 
other fugacious conipofilions ; which is fo true, that, to this 
day, few inftrurnents of any confequence are written on it, 
though it have been fo long in ufe. It is even alleged, that 
Peter, the venerable abbot of Cluny, who died m 1157, 
has a pafl'agc in hus book again ft the Jews, which plainly 
indicates paper books to have been then known ; on the 
authority of which Valcfius, in hi.'; notes on the panegyric 
of Berengarius Auguftus, fcruples not to make paper up- 
wards of 50Q years old. 

Father H .rdouin affurcs us, he had feen records or 
diplomas on it prior to the J3ih century. But this will 
hardly be credited. Count Maftei afturcs us, that in all his 
refearches he could never meet with one more ancient than 
the year 1367. It is highly probable the learned Jefuit 
miftook a cotton manufeript for a linen one: a miftake eafily 
made, as the chief difference between the two confifts in the 
greater thinnefs of the linen paper. But it is known we 
have linen papers of very different degrees of thicknefs ; 
and the like may be faid of thofc of cotton. Vide Maffei 
Iftor. Diplom. lib. ii. Bibl. Ital. tom. ii. p. 253, feq. 

The invention, according to Pridcaux, feems to have 
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been brought from the Eaft ; bccaufe moll of the old ma- 
nuferipts, in Arabic, and other Oriental languages, are 
written on this fort of paper ; fome of which are certainly 
much older than any of the dates above-mentioned. This 
author thinks it mod probable, that the Saracens of Spain 
firll brought it out of the Eaft into that country ; from 
whence it was propagated through the reft of Europe. 

V Making, Nature prefents us, as we have already 
obferved, w’ith a vanety of fubftanccs from which paper may 
be made, as linen or hempen rag^, the llalks of nettles, draw, 
hay, and the down of thiftles. It may be alfo made of cotton, 
or white woollen rags, though fuch paper would not ferve 
tor writing, bccaufe of its hairinefs. Of all thele fubftanccs, 
linen or luMupcri rags alone arc employed by the manufac- 
turers, except a fmall quantity of cotton rags, which are 
fometimes mixed with the linen for inferior purpofes. 

The chief procefs of making paper confiili m ieparating 
the fibres of the rags, by grinding, into exceedingly fine and 
fliort filaments; which being mixed wuth w'ater, till they 
make a fine pulp, may be taken up in a very thin and even 
layer upon a mould of wire cloth. N.)W^ by the draining 
away of the W'ater through the w'ire, the filaments are left, 
interwoven or felted fo completely among each other, that 
they will not feparate without breaking, and wlien dry will 
make a ftiect of paper ; the ftrength and quality of which, 
depend very mucli upon the materials it is made from, and 
the equality of length and llze to which the filaments are re- 
duced by the grinding, which equality alone can caufe them 
to float equally in the water of the pulp, and thus diflnhuie 
themfelves fairly and equally over the wire mould when taken 
up by it. For writing paper, a line white colour is neceffary, 
and this is obtained either by uliug the whiteft rags by them- 
felves, or by a chemical procefs of bleachmg. 

The incalculable advantages w'hich the modern'^ have de- 
rived from the art of printing, would have been only im- 
jierfed’tly knowm, but for the invention of lintm rag paper. 
A more plentiful and economical fubftance could not be con- 
ceived than the tattered remnants of onr cloths, linen worn 
out, and otlicrwife incapable of being applied to the lead ufe, 
and of v/hich the quantity every day increafes : nor could 
a more ready operation be imagined, than a ft w hours tritu- 
lalion in a mill. It has been obferved by a French writer, 
that the difpatch of the proceffes of paper making is fo 
great, that five w'orkmevi in a mill may furnifli fufiicient 
paper for the continuallabour of 3000 tranferibers. 

The art of printing would have been comparatively of 
little importance, without having the means of procuring a 
proper material to receive the iropreflions. Whilft the 
Egyptian papyru.s was the only kind of paper, it would 
have been impofliblc to have procured it in fufiicient quan- 
tities to have made large editions of books The cotton 
paper, though in a progreflive llage of improvement, was but 
a rude and perifiiable article, unfit for any of the nice pur- 
pofes to winch paper is now applied. 

The perfedion of the art of paper-making depended upon 
finding a material which could be procured in fufiicient quan- 
tities, and which would be eafy of preparation. Such is the 
paper now in ufe, of which we (hall endeavour to 
the manufadurc. 

The operation of paper making admits of three divifions, 
vl%, the preparation of the rags, the forming of the fiiecU, 
and the finifhing of the paper. The fuccefiion of the feveral 
procelles is as follows : 1. The rags are waihed, or dufied, 
if they are dirty ; then forted into many qualities proper for 
different purpofes. 2. The rags are bleached, to render them 
white ; but this operation is lometimes deferred to the next 
ftage of the procefs. 3. The wafhiiig engine of the paper 
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mill is employed to grind the rags, in water, till they are re- 
duced to a coarfe or imperfedt pulp, called half fluffs or Jirfi 
fluffs in which ftate the bleaching is fometimes performed ; or 
at other ti nes it is bleached in the wafhing engine during the 
grinding. 4. The half fluff is again ground in the beating 
engine, and water added in fuflicient quantity to make a fine 
piup, which being conveyed to the vat, the preparation of 
the rags is completed, and the pulp or (luff is ready for making 
the fheets. 5. This is done by a workman who takes up a 
quantity of pulp upon a mould of fine wire cloth, through 
which the water drains away, and the pulp coagulates into a 
fheet of paper. 6. Another workman takes the (beet of 
paper off from the wire mould, and receives it upon a felt ; 
he then covers it over with a fecond felt, evenly fpread out ; 
and continues this operation, which is called couching^ till tie 
has made a pile of fheets called a containing fix quires. 
7. The poft of paper, with the felts, is placed in the ^at-prefs^ 
and the whole is fubje^lcd to a llrong preffurc, to prels out 
the ruperfiuous water, and give the paper a folidity and firm- 
nefs it would not otherwife have. 8. The pile of paper is 
removed from the vat-prefs, the felts taken out from between 
the fheets, and they arc preffed again by themfelves, for a 
certain time, in a ferewprefs. 9. The fheets are taken from 
the prefs, and hung up, five or fix together, on lines in the 
drying loft, till dry. The paper is now made, and only 
requires to be finifhed ; but it fhould be obferved, that the 
greater number of the proceffes of finifhing are only per- 
formed upon fine writing paper, common printing paper 
being ready for packing up when dried. 10. The paper, 
in five or fix fheets together, is dipped into a tub of fine lize, 
and afterwards preflea to force out the fuperfluity ; it is then 
dried again in the drying loft : but in printing papers this 
procefs is rendered unncceffary, by fizing the fluff wliilft in 
the engine, and adding certain ingredients. 11. An exami- 
nation of each individual fheet of the paper is made, all knots 
and burrs are removed, and the bad (beets taken out. 1 2. A 
very large pile of paper U made, and preffed with a moll im- 
menfe force, to render the fheets flat and fmooth. 1 3. The 
pile is taken down, fheet by fheet, and another made, with- 
out turning the fheets over ; by this means new furfaces of 
the fheets are brought in contadl with each other, and the 
pile being again fubiefted to the prefs, the furface of the 
paper i.s improved. This operation is called parting^t and is 
repeated two or three times for the bed papers. The paper 
is now counted into quires, folded and packed up into reams 
for market. 

The flrength and tenacity of paper depend upon the 
(laple or fibre of the materials from which it is made. Rags 
of new cloth, and cordage, compofe a tougher and llronger 
paper than old rags, which make a foft and pliibe paper. 
The firft of thefc materia's prefents a great variety, on account 
of the quality of the hemp or flax of which it is fabricated. 
Rags of fine new cl >th, whether raw or bleached, fland in 
the firll rank, after which old rags, cordage, See. may be 
claffed. 

'Fhe forting of the rags is of no fmall importance in the art 
of making paper t for unlefs the rags, whii h arc ground at 
the fame time in the engine, are all of the fame quality, both 
as to fubllance and condition, the fined and bed parts will 
be ground away in the mill, and carried off by the wa^er be- 
fore the coarfer are fufficiently reduced to make a fine pulp. 
For this reafon, in the forting of ihe rags which a-’e intended 
to make fine paper, the hems and feams Ihuuld be kept apart, 
and the coarfenefs of ihe cloth fhould be confiderrd. That 
cloth which h made of tow, fho ;ld be feparated from that 
which is made from the longer fibre** ; cloth of hcmj,» fro .1 
cloth of flax i and ladly, the degree of wearing in the 
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cloth fhould he attended to. For if rags, almofl new, arc 
mixed with thofe w'hich are much worn, the one will not 
be completely reduced to a pulp, whild the other will be fo 
attenuated as to be carried off by the water, and pafs through 
the hair drainers of the engine j hence there mud be a 
confiderable wafle in the operation, a real lofs to the manu- 
fadlurer, and even to the beauty of the paper ; for the 
panicles fird carried off by the current of the water, are 
perhaps ihofe which give it that fmooth velvet foftnefs which 
18 fo great a recommendation. When the forting is imper- 
fedly performed, the pulp or duff is found to have cloudy 
part 8 floating in it, owing to fome mafles being lefs reduced 
than others. This produces thofe cloudy papers wherein are 
feen by intervals pans more or lefs clear, and more or lefs 
weak, occafioned by flakes aflembled on the wire of the 
mould, which are not fufficiently tempered and diluted to in- 
corporate with more fluid parts. 

But as it is neceffaiy, in many cafes, to mix the different 
qualities of rags together, to produce various kinds of 
paper, this fhould be done by reducing the different forts of 
rags feparately in the mill, as alfo the hems and threads of 
the ditching, becaufc the fewing thread, being never fo 
much worn as that of the cloth, and not fo eafy to be re- 
duced, forms filaments in the paper. When the rags, un- 
equally difpofed for trituration, have been ground apart, 
the different pulps may be mixed together without incon- 
venience, and will be found homogeneous or alike, each 
having been ground during the time that was neceffary for 
the ffa»e of the rag. 

Without this precaution the fined particles will be always 
lod, and of courfe the beautiful quality of the paper will 
be altered by the coarfell. Therefore this care in furling 
tlic fags produces a great beauty of the paper, without 
hurting i‘& goodnefs. It will, befides, be attended with the 
advantage uf mixing a pulp, which will form the drength 
of the paper, with another which will give it foftnefs and 
ludre; and thus two qualities may be united which otherwife 
cxillcd feparately. 

There are people in London, w^ho, by dealing very ex- 
tenfively in rags, have it in their power to obferve thefe pre- 
cautions in forting, and to fell feparately all the difl'erent 
qualities to the paper makers. The Lmc may be faid of 
thofe great manula«i:tiirtr 8 who have the perfections of their 
w'ork at heart. As to fmall country mills, it is fcarcely 
poffible for them to make fo great a choice. They are 
often obliged to lay up for fine many rags which are properly 
middling, and their middling may w'lih better reafon be 
referved for making the coarler fort of pai-er. 

The people who go about the Itreets to buy up rags and 
old garments, fell them to the great dealers, who for the 
London market employ women to fort them into five forts, 
which are denominated Nos. i, 2, 3, 4, and 5, according to 
their refpeCtive qualities. No. i being fuperfine, and wholly 
linen, is ufed for the fined writing papers. The other forts 
have different de^jrees of finenefs down to No. 5, which is 
completely canvas, but is proper for making interior print- 
ing papers, when it has been bleached to a good colour. 
Fhere is alfo rag bagging, which is the materials of the 
drong canvas facks the rag*! are fewed up in for carriage ; 
and c'' loured rags, which confid of cotton, and are of all 
colours promifeuoufly mixed ; but the blue are generally 
forted ou», for the purpofe of making blue paper. The 
rag bagging and c itton rags are only fit for com ' on papers. 
Tae rags are firll put i!»to a mac hine, called a dtfler^ made 
in the f rm of a cyl nder, f<mr feet in diameter and five feet 
in length. It is ail through covered with a wire net, and 
put in motion on pivots at its ends by a connection with fome 
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part of the machinery. The whole i> inclofed in a tight clofe 
box to keep in the dud. A convenient quantity of rags, 

before the forting, is inclofed in the cylinder of the duftcr, 
and the rapidity of its motion feparates the dud from them, 
and it pafl'es through the wires into the box. It is of coii- 
fidcrablc advantage to ufc the dufter before forting, as it 
makes that operation Icfi pernicious to the people. 

The forting is performed by women and children, who are 
feated on benches, in a large room full of old Inien, before 
a ched or box, which ii divided into fix cafes, to receive as 
many different forts of rags. Each woman has a piece of 
padeboard, hung from her girdle, and extended on her 
knees, upon which, wirh a long fharp knife, flie unrips 
fcams and ditclics, and ferapes ofr all filth. 

Whatever can be ufed, after being well examined, is dif- 
tribiited into one of the Ux cafes, according to the degree 
of finencfs, and the women throw the red at their feet. 
The fix cafes are for the fix different forts of rags: the 
fuperfine ; the fine ; and ditches of the fine ; the middling ; 
the feams and ditches of the middling; and the coarfe; 
without including the very coarfc parts, which arc totally 
rejcdled, at lead for the making of wdiite paper, but may 
ferve for white-brown paper ; but even for this purpofe they 
fhould be mixed up with a large parcel of coarfc linen. 
Old paper may alfo ferve for the fame ufe, but the wade is 
confiderabic ; it is therefore referved for padeboard, in the 
manufadture of which, the duff being worked KTs time 
in the engine, and with lefs force, though with the fame 
water, it will lofc much lefs than if worked fufiiciently to 
make paper. Befides, paper that has been once fized dill 
gives the pulp a vifeidity, which ought to be guarded againd, 
as it prevents the fibres floating lo completely detached in 
the water as is neceffary to make them diftributc themfclvcs 
fnflicicntly equal and regular upon the wire mould, to make a 
true and even (beet of paper. 

Paper intended for bills of exchange, or other commercial 
and legal indrumcnts, ought to be tough, in order that it 
may not be cafily torn, when made as thin a» it is necefl’ary 
to be, for the cafe of conveyance by pod. For this, paper 
materials of the bed quality mud be entirely, or in large 
proporu >n, employed ; and the price which the confumers are 
difpofed to pay for the article is fufllcient to allow the bed 
materials, and (till indemnify the manufafturer for his care and 
indiidry. 

Common papers alfo require to be more or lefs tough, 
according to their thicknefs, and the ufe to which they are 
applied ; but a clear white colour is fought in paper of 
every defeription, whether for writing or printing. The ma- 
nufa<^urer« of paper w'^ere formerly obliged to attend to the 
colour of the rags in the forting, as well as to their qualities; 
but of this care they are now in a ^reat meafure relieved, by 
the introdudfioB of bleaching, which enables them to pro- 
duce the fined paper, in point of colour, from any kind of 
rags. They have only tkerefore to find fuch materials as 
will make paper of a drong texture, and a fine even furfacc, 
knowing they can produce colour at picafure. To bleach 
the ragi by the oxymurialic acid gas, they are fird waflied in 
hot water, by a fulling mill, fuch as is ufed for fcouring 
cloth : this removes the dirt, and they are put into a receiver 
or chamber, made of wood, in a cubical form, and the 
joints air tight. It is provided with fcveral done retorts, 
w hich being filled with a mixture of manganefe, with two- 
thirds its quantity of Tea- fait, and a quantity of fulphuric 
acid equal to the fait, will, when moderately heated by a 
fmall fand.bath furnace, throw into the receiver a gas which 
quickly difeharges any colour the rags may contain. Th*® 
procefs, which is very fimilar to that ufed for bleaching 
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cotton thread, was invented by Mr. Campbell, who had a 
patent for it in 1792. In hii fpecification, he direds that the 
rags fhould, before they are put into the receiver to be 
bleached, contain about their own weight of fair water, the 
fuper-abundant water being p»-effcd out. The rags fhould 
firfl be opened by a machine, called by the cotton manufac- 
turers a (levih or fome machine, of that nature, and they aie 
to he diflributed in the receivers, in layers (pread on frames, 
fo that they will not come in contad with each oiher, or 
they may be placed in the body of the receiver, and have 
flirrers or agitators, provided to expofe every part of them 
to the adion of the bleaching gas. 

After the procefs, which mud be concluded as foon as 
ever the rags are fufiiciently bleached, left the gas fhould 
ad upon and injure their quality, they are to be wafhed in 
w’atcr, and will be ready for the mill. Some manufadurert 
think that this mode of bleaching the rags makes them 
rotten, and injures the quality of the paper, which it cer- 
tainly docs if carried too far, though there is no doubt of 
the advantages of the procefs if well conduded. 

The bleaching procefs has given rife to great complaints 
from the printers, as many printing papers are now made 
from cotton rags. The oxygenated muriatic acid being ap. 
jihcd for the purpofe of obtaining difpatch and delicacy of 
colour, produces a paper of a good appearance from in- 
fcrior flaple. Nothing can be more perplexing to a printer, 
nor more detrimental to his labours, than this kind of 
bleached paper ; for although it may be thick, and feem 
(Irong in the ream, no looner docs the water penetrate 
through it, than it lofes its adhefive quality, and becomes 
fo loofe and foft as fcarccly to bear handling, and in work- 
ing under the prefs finks down into the cavities of the 
letters, leaving a part of its fubftance behind, after every 
imprcflion, until it fo clogs the type, that the work is 
rendered fcarcely legible. Nor is it lefs exceptionable in 
point of durability, as it mull moulder away in a little time, 
with the common life that popular books generally undergo. 
Notwithllanding this it mull be allowed, that if by bleach- 
ing the paper makers can produce a bad article from fuch 
materials as were oihcrwife of no ufe, they are alfo able to 
improve their manufadure when they ufe the fame materials 
as formerly. It is found moll advantageous to bleach the 
rags in tlie Hate of half that it, when they have been 
once worked by the mill, as the fibres being by that means 
feparated, the gas has greater accefs to the interior parts, 
and they are bleached quicker, fo as to have lefs danger of 
injury to particular parts, by too long an adlion of the gas. 
Another method of bleaching is by muriat of lime put into 
the walhing engine, wdiich for printing papers is the belt 
mode of any. Wc fliall deferibe it in the procefs of walhing. 

The engines now ufed in the paper mills arc conllruded 
on fuch a powerful principle, that they are capable of re- 
ducing the flrongefl. and toughell rags to pulp in a moderate 
time; whei^cas the old machines were not able to work 
the rags without fermenting them, as a previous procefs. 
The following exiradts from a French w'ork, on the art of 
making paper, will Ihcw the manner in which it was con- 
duded 60 years ago, 

** The rags, being forted, are put into a large (lone vat, 
fixtecn feet long, ten^broad, and three deep ; water is poured 
upon them to the top dunng ten days, and eight or ten 
times every day without ftirring them. They are after- 
wards left to rcil the fame number of days, and iometimci 
more or lefs, without pouring water upon them. Then 
being turned over, the centre is brought to the furface* 
to facilitate the fermentation ; and after being turned 
again, they are Hill left fifteen or twenty days in fermen* 



lalion, fo that the rotting may latt five or fix weeks; the 
term is not fixed, but when the heat becomes fo great, 
that the hand, throft in, cannot endure it above fome feconds, 
it is judged that it is time to (top it- 

« ’In mills, which have but few rags to vvork upon, 
they are left to rot longer, becaufe the heaps being fmaller, 
heat Icfs, and with more difficulty ; fo that nothing can be 
jultly de^'Tmined of the time proper fur the rotting part. 
It d«‘pc!uls alfo on the quality of the rags ; the fined linen 
docs not rot fo foon as the coarfe ; and linen that has been 
worn with more difficulty than new, becaufe the internal 
humidity, that difpofes the fibres to fermentation, is more 
confidcrable in new or coarfe, than in fine or worn linen. 
Such as aie more or lefs llrong, more or lefs worn, relift 
the ai^tiori of rotting in different degrees, fome being fpoiled, 
when others have not gone through the (i-ff fermentation ; 
fo that the rags, which have been forled witli great care, 
ought be left to rot together, to avoid the rilli of alter- 
ing the whole parctrl, by the mixture of a portion of rags 
quite different from the reft. When champignons grow on 
the heaps of rags, it iG reckoned to be a fign ot their being 
well rotted 

“ Befides this, there is another method for difpofitig of 
the rags in tlie place for rotting and fermenting them. 
Having been wetted with water, a heap is made of them in 
a corner of the vaulted room, which is de (lined for that 
purpofe. They are watered from time to time, and when 
fufficiently heated, are tranfported into another angle of 
the fame roonf, fo that what was at the top of the firlt 
heap, is now laid under the fecond, and care is taken to 
throw water upon them^from time to time. When this 
heap takes heat again, it is tranfported to the third corner, 
where, having fermented again, it is carried into the fourth 
angle ; obfcrving always to lay thofc rags under the heap 
that were at the top of the foregoing, and to water them 
often, for a rcddifli water will come from them, which it 
is very neceffary to clear the rags of. When the heap in 
the firrt corner is brought away, another is formed in the 
iame corner, w'hich paffes in its turn to the fcveral corners 
of the room. 

“ Some, to accelerate the operation of rotting and fer- 
menting, throw lime noon the ragi. Perhaps a very fmall 
quantity of lime may he ufed : but if too much is laid oh, 
the corroded rags will be too (bon reduced into a pulp, and 
will pali through the ftrainer with the water, which ought 
to carry off only their iilth, and will occafion a confidcrable 
wafte. The ufe of lime, tor the purpofe of rotting rags, 
18 ablolutcly prohibited in France. 

“ Fermentation, or rotting, makes the paper even, curdled' 
as it ucrc, foft, and gives it weight; if (lopped too foon, 
the paper becomes crude, hard, light, (liff, requirt a more 
time to be worked, and the fecula, or pulp, docs not fo 
eafily form a coagulati:ai on the wire of the mould. It is 
lumetimes obferved, in regard to good ra,»s that have not 
rotted, that the fecula is, it were, enveloped in a vilcid 
tubftance, which prevents its uniform , precipitation ; and 
this proves that rotting helps to clear off the undluous 
matter in rags. If, on the contrary, the rags were left to 
ferment too long, a confidcrable watte would be occafioned, 
and more matter required for the fame quantity of paper, 
becaufe the parts attenuated by fermentation, would be too 
readily carried off by the walhing. And laftly, if they 
were left to heat too long, they would be reduced to dull, 
and burn into fmoke and affies.^' 

The aaion of rotting was, at that period, thought necef- 
fary for abridging the labour of making paper, and facili- 
tating the operation of the mill ; but feveral advantages are 
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procured by difpenfing with it, now we are able to deftroy 
the texture of the cloth and reduce it to pulp, without pre- 
vioufly corrupting its fubftance by rotting it ; the paper ih 
much ft outer, is lefs liable to break, and is alfo whiter, for 
the fermentation gave a ycllowifh hue to the furface of the 
rags, which the mill could not take out without difficulties, 
and never could entirely, if the rags were too rotten. 

We now come to defcribe the ftruAurc of paper mills. 
In England they now work with cylinders, or engines, an 
invention which was brought from Holland many years ago, 
and found to be fo great an improvement, that it has been 
univerfally adopted. The old mills, which are ftill in ufe 
in fome parts o( the continent, actuate a number of ftampers, 
or peftles, which pound the rags in wooden mortars till 
they arc rediic(*d lo a pulp. Thcfe mortars are cut out in 
a block of heart of oak, well feafened, the cavity being of 
an oval figure, about eighteen inches broad, thirty inches 
long, and eighteen or twenty in depth *, the bottom concave, 
and lined with an iron plate an inch thick, eight inches broad* 
and thirty long, (haped inwards like a mould for a falmon, 
with the liead and tail rounded. Jn the middle of the mortar 
is a cavity beneath the plate, and four or five grooves are 
cut, fornnug channels which lead to a hole cut from the 
bottom of the cavity quite through the block : it is covered 
by a piece ol hair fieve fattened on the infide. This plate 
is grooved to make teeth, on which the teeth of the hammers 
aft, to cut the rags in pieces. The ufe of the hair fieve is to 
prevent any thing from going out except the foul water. 
Two hammers or pcltles work fide by fide in each mortar, 
and are lifted alternately by the mill : they are fometimes 
made in' the fame manner as the (tampers cf an oil mill, to 
lift perpendicularly. In other mills they are large ham- 
mers moving on a centre like a fulling mill, and lifted by 
cogs upon the mdl fliaft in the fame manner. The mortars 
are kept conftantly fupplied with fair water, by little 
troughs, leading from a cittern, which is kept full by fm:ill 
buckets affixed to the floats of the water-wheel ; thcfe, 
when they have railed the water to the top, pour it out 
intci the cittern, in the fame manner as the Perfian wheel. 

This rude and impcrieft machiiie operated very flowly, 
and luffered a great pait of the rags to efcape being re- 
duced, wlultt other parts were bea’en too much. It is not 
now to be met with in England, the Dutch ert^tnes 
having taken their place, to the great improvement of the 
paper trade ; thcfe arc turned by water miilrf, as they re- 
quire a very great power to aftuate them, though their per- 
formance IS far greater, with the lame power, than tht 
mortars. 

The conftruftion of the mills is varied in different fitu • 
ations ; but to explain the beft kind, we have m PJate 1. 
Paper given a drawing of one made with iron wheels, 

I. being an elevation, and Jig, 2 . a plan: the fame 
letters of reference are ufed in both. The water- v.heel 
which gives the motion cannot be feen, as it is (iuiated 
beneath the floor, but its dimenfions are marked by four 
dotted lines AAA A : in the p an it is cnclofed between the 
three w alls of the houfe P P R, and a fourth wall Q, 
which is built up acrofs the houfe, to fupport the floors 
N and O, on whicli the engines (land : the wall R has arches 
in it to admit the water of the dream to the wheel, a pro- 
per gate being fixed to regulate its quantity : the axis of 
the water wheel, which is of call iron, comes through the 
wall Q, and has a large cog-whccl B upon it, which is the 
full fize of the water wheel, and by the paper makers is 
termed the majer-wheel ; the extreme end of the fhaft 
is futtained in a bearing, which lays on a beam G G, flip- 
ported on a wall of mafonary. The pinion C, called the 
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walloweiTf id turned by the mafter.whecl B, and on its axis 
is fixed the large fpur- wheel D, called the Jly ••wheels giving 
motion to the two pinions E, F, of the engines K and L : 
the (haft of the wheel D and pinion C are iupported at one 
end in a frame H H I, and the other, in a bearing fixed in 
the wall Q, The engines K and L are placed on tiie floors 
N and O upon different levels, as fhewn by fijr, i, the 
bottom of L being higher than the top of K, fo that the 
contents of L may be let down through a plug 4 io 1 c in the 
bottom. The upper engine L is called the *iL*a/her, v/here 
the rags are firft worked coarfely, with a llrcam of water 
running through them to wafh and open their fibres ; after 
which wafhing they are called half Jluff, and are then let 
down into the beating engine K, to be ground, and reduced 
to a finifhed pulp, proper for moulding into fliects of 
paper. 

By the arrangement of the wheels of the mill, the cy- 
linders, i and /, of the two engine ; are contrived to make 
about from 120 to 150 revolutions per minute, when the 
water-wheel moves with its proper velocity ; though the 
beating engine revolves much quicker than the wafher, its 
pinion, F, having only 24 teeth, while the wafher, F, 
has 28. The great wheel, B, ha^ 196 teeth, and the 
pinion, C, 38 teeth ; therefore it makes about tunis, for 
one of the watcr-whcel. The wheel D has likewifi* 196 
teeth, and turns the wafher, F, of 28 teeth about 36 times, 
for once of the water-wheel ; and the beater, E, about 
42 times. M is a cog-wheel, put in motion by the teeth of 
the great wheel B : on the extremity of its fpindle is a 
crank /i, which, by a connc^ling rod, gives a reciprocating 
motion to a lever r </, for the purpofe of w^orking two pumps, 
e,/, which raife water into a ciftern drawing it from the 
water of the mill-dam by a fu6fion-pipe g, Thefe pumps 
raife up a conftant dream of fair water, which is neceflary to 
be kept running through the rags in the wafliing-engine, 
to carry away the dirt feparated from them by the opera- 
tion. 

The engines arc fhewn at K and L, in the plan : each 
coiifilU of a wooden vat or ciflcrn, divided by a partition in 
the n.iddle ; and in one of thefe divifions, tneir cylinders, 

I and /, are lecn. Thefe are provided with teeth or cutters, 
which aft again d fimilar teeth fixed in blocks, fituated be- 
neath the cylinders, to cut the rags between them, when 
they revolve. The driifturc of an engine is more minutely 
explained by Jigs, i, 2, ^ 4, &c. of Plate II. \ Jg, i being 
a fedtion through the length of the engine, andj^. 2, a ho- 
rizontal plan. The large vat or cidern, A A, is of an ob- 
long figure on the out fide, the angles being cut off ; but the 
infide, which is lined with lead, has draigbt fidcs and cir- 
cular ends. It is divided by a partition B B, alfo covered 
with lead. The cylinder, C, is fixed fad upon the Ipiiidle 
D, which extends acrofs the engine, and is put in motion, 
as before defenbed, by the pinion E, placed on the ex- 
tremity of It. The cylinder is made of wood, and furnifhed 
with a number of teeth, or cutters, fixed fad on its circum- 
ference, parallel to the axis, and projedting about an inch, 
as is fhewn on a larger Icale at Jig, 5. Immediately beneath 
the cylinder, a block of wood, H, is placed, and provided 
with limilar cutters to thofe of the cylinder, which, when 
they revolve, pafs very near the teeth of the block, but do 
not touch ; the didance between them being capable of re- 
gulation, by elevating or deprefling the bearings on which 
the necks, D, D, of the fpindle arc fupported. Thefe 
bearings arc made on two levers, F, F, which have tenons 
at their ends, fitted into upright mortifes, made in fhort 
beams, G, G, bolted to the fides of the engine. ( See alfo 

3.) The levers, F, F, are moveable at one end of each, 
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the other ends being fitted tn rife and fall on bolts, in tlic 
beams G, as centres. The front one of thefe levers, or 
that neared to the cylinder C, is capable of being elevated or 
deprefled, by turning the handle of the ferew ?, which, as 
fhewn in^. 3, afts in a nut /i, fixed to the tenon of F, 
and comes up through the top of the beam G, upon which 
the head of the ferew takes its bearing. Two braffes are let 
into the middle of the levers, F, F, and form the bearings 
for the fpindle of the engine to turn upon. The ferew, 
is ufed to raife or lower the cylinder, and caufe it to cut 
finer or coarfer, by enlarging or diminifbing the fpace be 
tween the cutters in the block and thofe of the cylinder. 

Near Jigs, 1 and 2, is a circular breading made of 
boards, and covered with fheet-lead ; it is curved to fit the 
cylinder very truly, and leaves but very little fpace between 
the teeth and breading. An inclined plane, K, leads re- 
gularly from the bottom of the engine-vat to the top of this 
breafting ; and at the bottom of it the block, H, is fixed. 
The engine is fupplied with water by a pipe, Q, bringing 
it from the pump : this pipe delivers it into a fmal! cidern. 
Ml adjoining, and communicating with the engine. The 
pipe has a cock, P, to dop the entrance of the water, when 
required, or to regulate the quantity of its difeharge. The 
fmall cidern has a grating fixed acrofs it, covered with a 
hair-drainer, to catch any extraneous matter, which may 
come in with the water ; or a flannel bag is fometimes tied 
over the orifice of the cock P, through w'hich all the water 
mull be filtered. When the engine is filled with water, and 
a quantity of rags put in, they arc, by the revolution of the 
cylinder, drawn between its cutters and the teeth of the 
block H. This cuts them in pieces ; then, by the rapid 
motion of the cylinder, the rags and water are thrown over 
the top of the breading, upon the inclined plane : in a (hort 
time, this raifes more rags and water into that part of the 
engine-vat ; and the tendency to redorc the equilibrium puts 
the whole contents of the vat in flow motion, down the in- 
clined plane K, and round the partition B B, by which 
they come to the cylinder again in about the fpace of 20 mi- 
nuted ; fo that the rags are repeatedly cut and chopt in 
every direftion, till they are reduced to a pulp. 

This circulation is of advantage, in turning the rags over 
in the engine, and caufes them to prefent themfelvcs to the 
cutters in a diflerent direftion every time ; for as the cy- 
linder cuts or clips in (Iraight lines, in the fame manner as a 
pair of fliears, it is requifite to cut the rags acrofs in different 
direftions, to reduce them to a pulp. The manner of t^e 
cutting is this ; the teeth of the block are placed rather in- 
clined to the axis of the cylinder, as fhewn by Jig. 4, but 
the teeth of the cylinder are parallel to its axis ; therefore, 
the cutting edges, when they meet, arc at a fmall angle, 
and come in contaft fird at one end, and then fucceflively 
the contafts proceed along to the other end, fo that any 
rags interfperfed between them are cut in the fame manner 
as they would be between the blades of a pair of (hears. 
Sometimes the plates or cutters, i, in the block are bent to 
an angle in the middle, indead of being draighr, and inclined 
to the cylinder : in this cafe, they are called elbow plates, 
and of courfe the two ends are both inclined to the axis of 
the cylinder in oppofite direftions. In either cafe, the 
edges of the plate of the block cannot be draight lines, but 
mud be curved, to adapt themfelvcs to the curve which a 
line traced on the cylinder will of courfe have. The plates 
or cutters of the block are united, by ferewing them alto- 
gether, and fitting them into a cavity cut out in the wooden 
block H ; their edges arc bevelled away on one fide only, 
as fhewn at i in the feftion,^^. 4. The block is fixed in its 
place by being made dovetailed, and truly fitted into the 
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bottom of the ciftern, fo that the water will not leak by it. 
The end of it comes through the wood-work of the cheil» 
and projeds a fmall diftance on the outiide of it, being kept 
up to its place by a wedge, fo that by withdrawing this 
wedge, the block becomes loofe, and can be removed, to 
fharpen the cutters, as occafion requires. This is done on 
a grindflone, the plates being firll feparated from each 
other. 

The cutters of the cylinder arc fixed into grooves, cut in 
-the wood of the cylinder, at equal diifanccs from each other 
round its circumference, in a aireftion parallel to its axis : 
the number of thefe grooves is twenty ; and for the wafher, 
each groove lias two cutters or bars put into it ; then a fillet 
of wood is driven faft in between them, to hold them firm ; 
and the fillets arc kept fall by fpikes driven into the folia 
wood of the cylinder. The beater is made in the fame man- 
ner, except that each groove contains three bars, and two 
fillets, as (hewn in Jig, 5. 

In the operation of the cylinder, it is neceflary that it 
fhould be inclofed in a cafe, or its great velocity would 
throw all the water and rags out of the engine. This cafe 
is a wooden box L L, inclofed on all fides except the bot- 
tom ; one fide of it refts upon the edge of the vat, and the 
other upon the edge of the partition B B. The lines, r, r, 
reprefent the edges of wooden frames, which are covered 
with hair or wire-cloth ; and immediately behind thefe, the 
box is made with a bottom, and a ledge towards the cy- 
linder, which makes a complete trough. The dark fpaces, 
f, Cy in Jig, I , fkew the fituation of two openings, or fpouts, 
through the fide of the cafe, which lead to flat lead-pipes, 
jfg* 2, which are placed by the fide of the vat ; the 
beam, F, being cut away for them. There are wafte pipes, 
to convey away the foul water from the engine ; for the 
cylinder, as it turns, throws a great quantity of water and 
rags up againfi the fieves ; the water goes through them, 
and runs down into the trough at e r, and from thence into 
the ends of the leaden pipes, h, A, Jig. 2, by which it is 
conveyed away ; </, </, Jg, i , are grooves for two boards, 
which, when put down in their places, cover the hair-fieves, 
and Hop the water from going through them, if it is re- 
quired to retain the water in the engine. This is always the 
cafe in the beating-engines, and therefore they are fcldom 
provided with thefe wade-pipes, or at mod on one fide only ; 
the other fide of the cover being curved, to conform to the 
cylinder. Except this, the only difference between the 
walhing-cngine and the beater is that the teeth of the latter 
are finer, having 60 inftead of 40 bars on its circumference ; 
and it reyolves quicker than the waflier, fo that it will cut 
and divide thofe particles which pafs through the teeth of 
the wafher. 

In fmall mills, where the fupply of water is limited, they 
frequently have but one engine, and ufe it both for wafliing 
and beating, by fettiqg the ferew fo as to let the cylinder 
down and make its teem cut finer ; but the fydem of aIl,con- 
fiderable works is to have two engines, or four, if the fup. 
ply of water is fufficiently great. We have feen a very 
capital paper mill containing five engines, where three of 
them are beaters and two workers ; becaufe the beating 
takes fo much more time, that when the numbers are equal, 
the waffiers will often do too much for them, and they will 
have to dand dill. A mill to drive four engines is generally 
made double, that is, it has two water-wheels, and all the 
machinery ihewn in the plan ; and if either of thefe give 
motion to three engines, they are arranged rather differently ; 
thus the two beaters are placed on the fame level with each 
Other, and this removes them to a greater didance afunder than 
fliewn in Jig, 1, Plate I. ; fo that the ends of the two engines. 
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when placed on the fame floor or platform, will juft 
touch each other. The wafher is then placed on the op- 
potite fide of the wheel D, viz, where the word / 4 m, 2, 
is written, its pinion being upon the fummit of the wheel, 
which raifes it to the proper level : the vat of the wafher 
has a valve or cock in each end, to let out its contents into 
cither of the beaters at pleafure. 

The mills with fpur-wheels, fuch as is given in our drawing, 
are not very common, though they work much better than 
the ordinary arrangement of the w'heels for a paper mill ; 
in this the (haft of the water-wheel has a large face, or crown- 
wheel, fixed upon it, which aftuates a wooden trundle fixed 
upon a vertical fhaft, proceeding upwards through the floor 
of the mill, and there it carries two large horizontal crown 
or face-wheels, giving motion to the pinions of tne engines, 
which are fituated on oppofite fides of the upright fhafts. 
It is neceffary to have two horizontal wheels, becaufe of the 
different levels at which the engines mu ft be placed. Thefe 
mills are generally made in wood, in a very rude and coarfe 
manner, with crown-wheels and large cogs, fo that the 
fridtion is very great. Their only recommendation to the 
paper-maker is their cheapnefs of eredfion ; but this is 
only on account of their inferior workmanfliip, for to make 
a mill in iron with a vertical fhaft and bevelled wheels, as 
they fliould be to work properly, would be far more ex- 
penfive than the conftrudlion lliewn in^^. i, which is there- 
fore adopted by thofe maimfadfurers who cboofe to have 
their mills made in a complete and durable manner. 

The quantity of water which a paper mill can command 
to turn its engines, generally limits the extent of its trade ; 
and hence the manufadlurers fliould attend to every im- 
provement of the machinery which can increafe their effedf. 
Where the fupply of water is condant, they work the 
engines day and night, though the making the paper, ad it 
requires many workmen, is of courfe carried on in the day 
time only. This fyftem neceffarily requires a large vat to 
be provided, which is called the JluJf cheJly and is a general 
receptacle for the pulp, where it is kept till wanted to be 

made into paper ; at the fame time this mixes the pulp of 

different day’s work together, and produces an uniformity 
in the quality and colour of the paper, which is a great re- 
commendation for printing large editions of books. 

A very large and capital paper mill, at Maidftonc in 

Kent, which is the principal feat of the paper trade in 

England, is worked by fteani-engincs, and is found to anfwer 
very well. The machinery and building of a paper mill 
fliould be well made, and firmly put together, otherwife its 
great velocity, and power, produces a tremor, which in time 
makes every thing to pieces. The noife and vibration of a 
wafhing-engine is mod tremendous ; for when it revolves 
120 times per minute, and has 40 teeth, each of which paffes 
by 12 or 14 teeth in the block at every revolurion, it will 
make near 60,000 cuts per minute, and each of them fuffi- 
ciently loud to produce the moft horrible growling found 
which can bo conceived. The beater revolving quicker, 
having 60 teeth, and 20 or 24 cutters in the Wock, will 
make 180,000 cuts per minute, which is fo rapid, as to 
produce a coarfe mufical note or humming, which may be 
heard at a great diftance from the mill. This great number 
of cuts will account for an engine being able, in the courfe 
of four or five hours* working, to reduce a quantity of rags 
to thofe exceedingly minute filaments, of which paper is 
compofed. 

The operation of grinding the rags in the engines re- 
quires fome management to produce the bed effect : the 
operation of the wafhing-engine is to open the rags, and to 
feparate their fibres from each other^ rather than to cut 
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them, and at the fame time, by the flream of water which 
runs through, to carry off all dirt. At firft putting into the 
wafhing-engine, they fliould be worked gently, not to cut, 
hut only to rub the rags violently, that the water may have 
the bed cffedl in carrying off the impurities : this is done by 
raifing up the cylinder, fo that its teeth do not touch the 
teeth of the block, for if the wafher cut and divided the 
rags too much in the firfl inftance, the water would carry 
away a conliderable portion of the fined parts. The cock 
is at this time opened to admit a great dream of water. 
When this has continued 20 or 30 minutes, the bearing of 
the cylinder is let down fo low, tliat its weight refts upon the 
teeth of the cutter, and it now begins to cut the rags in 
pieces, the fiipply of water is dimimfbed, and the operation 
IS at fird very violent, the rags frequently cauling the 
cylinder to leap up a confiderable height. After working 
about three or four hoiirf, the engine will get to work very 
deadily, becaufe the rags, though not reduced to a pulp, 
are cut very fmall, and make lels refi dance to its motion : 
at this period the wading is ufually concluded, and the con- 
tents of the engine, called half fluff, difeharged into a large 
bafket, which allows the water to draw away. For fome 
kind of paper it is thouglit advifable to let the half duff 
remain four or five days to mello'vj, or indeed ferment ; and 
if fermentation is at all proper, tliis mud certainly be the 
bed dage for it, when all the mafs of rags is brought to an 
equal date of divifion of the fibres. The bleaching is, as 
before- mentioned, fome times performed upon the half duff, 
in dead of bleaching the rags previoufly ; but more com- 
monly it is done in the wafhing-engine, and thi.< is the mod 
convenient method of all, as it requires no apparatus, and 
takes very little time, puts the manufafturcr to no other 
expence than the bleaching fait (muriate of lime) by which 
It is performed, and the effeid, if well managed, is equal to 
that of bleaching by the oxymuriatic acid gas, as at fird 
deferibed. After the rags have been vvaflied Tor four hours, 
as above-mentioned, if it is required to bleach the duff in 
the engine, they ftop the water from running in at the cock, 
and throw into the engine a quantity of bleaching fait, or 
iniiriale of lime. For fine rags, one or two pounds, more or 
lels, arc ufed, according to the quantity of rags the engine con- 
tains, which is ufually one hundred weight ; the two Aiders, 
i/.rA i , Plate W,, are put down in the cover of the cylinder, 
to prevent the water getting away. In this date the engine 
ir, worked about an no, - for the bleaching to take place, 
and during this time the rags lofe their colour ; but this 
do( s not colour the water, " though it is rendered rather 
white and milky by the fait. The very bed rags, when fird 
pu: into the engine, are of a very yellow and dirty colour; 
but tlicy become, by the bleaching, a very perfedt fnow 
white ; the cylinder is ufually raifed up a very little during 
the bleacliing, v/hich being concluded, the water-cock is 
opened again, the boards, c, c, are removed, and the waffling 
continued^ about an hour to waffi the fait away, which mud 
be done very perfedly, or it will continue to ad upon, and 
injure the quality of, the materials. 

The half duff is next put into the beating-engine, and 
worked till it becomes a fine pulp, which will generally take 
four or five hours, water being let into it at proper times, 
to dUute the pulp to its proper confiltence, but no water is 
let out of the beating-engine as in the waflier. The quan- 
tity of water requires great judgment, as it has an influence 
on the quality of the paper ; and the kind of v/ater the 
manufadurcr is obliged to employ mud be confidered. 
The faired water is the belt for paper-making, on ac- 
count of the clean and v/hite quality fo defirable in the 
mauufadturc. The water that diflblves foap bed, is alfo 


79 

the fitted for taking the greafe out of rags. Paper-makers 
fay that the water which is mod beaten, and that which 
comes from afar, makes a better curdled paper, douter, 
and of dronger confidence, as to matter : if this is the cafe, 
it is probably becaufe this water has had more time for 
depofiting the flime, and other heterogeneous parts, and that, 
being more expofed to the air by motion, it is thereby in a 
better condition for diffolving greafe and foap. Water, 
iobje6l to be mudded by rain, and that which runs through 
marfhy grounds, ought to be avoided. In like manner, 
a paper mill ought not to be placed below other manufac- 
tories or machinery, which, by ufing the fame water, might 
communicate to it a bad quality. The water of ponds, and 
rain water, are very good for diffolving foap, and may there- 
fore be ufed for paper, if in a pure date. Water, impreg- 
nated with lime, by having run off from chalky foils, is gene- 
rally very pure and clear to the eye, and is, therefore, much 
ufed for paper-making, but it is apt to depofit a (light in- 
crudation upon the brafs wire of the moulds, which they 
remove by occafionally waffling them with vinegar. 

For printing papers, the fr/ing is done in the beating- 
engine, towards the end of its ojicration, as we (hall de- 
fcribe : the fize is neceffary to prevent the ink from finking 
into the paper like blotting-paper ; but printing-ink not 
being fo fluid as writing-ink, the paper can be fufliciently 
frzed in fubltince, without fubjedling the Iheets to a feparate 
operation after they are made. The lize for the engine is 
compofed of alum pounded very fine, and mixed up with a 
quantity of oil : about a pint and a half of this mixture, 
thrown into the engine at intervals, during the lad half hour 
of the beating, is lufiicient. In order to give that bloom, 
or blue cad to the paper, which fome kinds have, a quantity 
of powder blue is frequently put into the engine at the fame 
time. The pulp is now run off into Jluff-chefi where 
the different kinds arc mixed, and it is taken out as it is 
wanted, in the vats where the dippers, 5 cc. work to form the 
fheets. 

The moulding of the paper (hould be carried on in a lofty 
room, well ventilated, and with a fmooth and even ceiling, 
that the fleam arifing from the fevcral vats of pulp may 
not bo condenfed upon it, and fall in drops, for a fingle 
drop falling upon a ffieet of paper, whild it is moulding, 
will beat a hole through it, or at lead fpoil it. The people 
in this apartment work at the vatSf with moulds^ deckles^ fdts% 
vat prefs, and wtprefi. The vat ufed to contain the pulp 
is a tub. generally about five feet in diameter, and two and a 
half in depth. It is provided, on the upper part, with 
planks cnclofcd inwards, and even railed in with wood, to 
prevent any of the duff from running over in the operation : 
a plank, pierced with holes at one of the extremities, is 
placed acrofs the vat, and reding on the planks which fur- 
round the vat, forms a fupport to red the mould upon, 
when a fhect of paper has been made, and it remains here a 
fliort time to drain off the fuperfluous water. The duff in 
the vat ii kept at a proper temperature, by means of a grate 
introduced at a hole in the fide, and furrounded on the infide 
of the vat with a cafe of copper. For fuel to this grate 
charcoal or wood is ufed, and frequently, to prevent fmoke, 
the wall of the building comes in contact with one part of 
the vat, fo that the fire nas no communication with the room 
where they make the paper. The paper is made into (beets 
upon the mould and deckle. The mowd is a fquare frame, or 
(liallow box, made of well-fcafoned mahogany, and covered 
at the tup with wire-cloth ; its dimcnfious are an inch or an 
inch and a halt larger than the fni ( t of paper intended to be 
made upon it. The wire-cloth of the mould is varied in 
proportion to the imenefs uf the paper and the nature of the 
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ftufF. It confiftg of a number of parallel wires ftrctched 
acrofs the frame, very near together, and tied fail through 
holes in the fides ; alfo a few other ftronger wires, extending 
acrofs in a direction at right angles to the former, and a 
confiderable diltance afunder, the fmall wires being bound 
down to them by fine wire at the interfeftions. This may 
be readily underfiood, from the examinati')n of a (beet of 
fome kind of paper on winch the marks of the wires remain, 
becaufe the paper is thinner in thofe places where the wire 
touched it. 

By a modern improvement, thefe marks, called water- 
marks, are avoided, and the paper has a fmooth even fur- 
face. For this the wire is wove in a loom, exaflly like 
cloth, and ftretched over the frame of the mould. The 
wire- cloth is in this cafe made larger than the intended fhcet 
of paper, and turned down over the fides of the frame, 
being fewed faft to it by fine wire, fo that the cloth is 
llrained tight over the frame. The wove paper, as it is 
called, when made on thefe moulds, is a very fuperior article 
to the old paper, particularly for books, but a prejudice 
ftill prevails in favour of the old paper with lines, which 
obliges manufadurers ftill lo make it, though by no means 
fo fine or good as the wove. 

The deckle is a fquare frame of mahogany, bound with 
brafs at the angles ; it is made very thin, and its outfidc cor- 
refponds with the fides of the mould, while the infide is the 
fize of the ftieet. This frame is neceftary to retain the llufl* 
of which the paper is made on the cloth, and it muft be cx- 
a£lly flat, that it may fit upon the wire-cloth of the mould, 
otherwife the edges of the paper will be ragged and badly 
linifhed. The deckle, when placed upon the wire of the 
mould, forms a (hallow fieve or mould, in which a quantity 
of the pulp is taken up, and by the draining through of 
the water, the pulp is left in a (hcet upon the wire. There 
is no faftening for the deckle, as it is moveable, and only 
held upon the mould, by the workman grafpiug the mould 
and deckle together in both hands at the oppofite fides. 
This admits of the deckle being removed, that the (heet of 
paper may be taken up from the wire, by applying the 
mould upon a piece of felt. The felts are pieces of woollen 
cloth, Ipread over every flieet of paper, and upon which the 
(beets are laid, to detach them from the wire of the mould ; 
they alfo prevent them from adhering together, and imbib- 
ing part of the water with which the paper i& charged, trauf- 
mit the w»hole of it when placed under the aclion of the vat 
prefs. The moulding of the paper is performed by three 
workmen, the ditper, the coucher, and the Yijter* The fir ft 
of thefe having hlled the vat with pulp, muft be attentive 
to mix it up v^ell ; for this purpofe, he employs two imple- 
ments, one of which is a fimple pole, and the other a pole 
armed with a piece of board, rounded and full of holes. 
This operation is repeated as often as the (luff falls to the 
bottom. In the principal mills they ufe for this purpofe 
what is called a hog, which is a machine within the vat, 
that, by means of a fmall wheel on the out fide, is made to 
turn conftantly round, and keep ttie (luff in perpetual 
motion. 

When the (luff and water are perfectly mixed, it is 
eafy to perceive whether the previous operations have been 
complete. If the fluff floats clofe, and in regular flakes, 
it IS a proof that it has been well ground, and the parts of 
the rags, which have efcaped the cylinder of the engine, 
alfo appear. The dipper itands in a nitch, or hollow part 
of that kind of ledge or table which goes round the cir- 
cumference of the vat ; he holds a mould in both hands, by 
the two extremities, with the deckle applied exadly over 
the mould, as if only one piece ; then inclining it a little 
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towards him, he dips it into the vat, and brings it up again 
into a horizontal pofition. The fuperfluous part of the 
pulp flows over on all fides, and the quantity thought fuf- 
ficient is (haken gently, from the right to the left, and up 
and down horizontally, until it is equally extended over the 
whole furface of the mould. Thefe two motions are alfo 
accompanied by a flight (hake, that ferves to fix and ftop 
the (hcet. As the water drains through the wire, the fibrous 
parts of the ftufF arrange themfelvcs regularly on the wiye- 
cloth of the mould, not only in proportion as the water 
cfcapes, but alfo as the workman favours this effed, by 
gently (baking the mould. This done, the mould is immedi- 
ately laid on the edge of the vat, the deckle taken off, and 
the mould made to Aide along the board which is laid acrofs 
the vat, to the part where the (heet is to be laid or taken ofl'. 
The board, which is but two indies in breadth where the 
(heet is laid, is nothing more than a deal board, which run » 
along the length of the vat, and is pierced with feveral holes- 
at the extremity, for letting the mould drain into the vat. 
The dipper taking the deckle off the fir ft mould, places it 
immediately on a fecond, which is given him for dipping in 
its turn; and the fecond workman, called thecoucher, taking 
the mould off the board that runs acrofs the vat with the 
left hand, raifcs it gently, and lays it in an inclined pofitioi. 
againft one or two fmall pins, which are driven into th(* 
board on the edge of the vat. In this condition the mould 
remains two or three feconds of time for draining into the 
vat, whilft the coucher extends a felt, on which he applies 
the mould to take off the (heet, which being done he returns 
the mould to the dipper. 

They pr >cccd in this manner, laying alternately a flieet 
and a felt, till they have made fix quires of papLr, which is 
called a poft, and this they do with fiich fwiftnefs, that in 
many forts of paper two men make upwards of twenty pofts 
in a day. 

When the lall (heet of the poft is covered with the laft 
fell, dll the workmen about the vat unite together, and 
fubmit the heap to the adlion of the vat prefs. They begin 
at firll to prefs it with a middling lever, and afterwards with 
a lever about fifteen feet in lengtli. 

The dipper (hould be attentive, in diftribiiting the matter 
on the mould, to reinforce the corner the coucher is to take 
hold of, in railing and extending the Ihcets; for without 
this precaution he would break a great many. Alfo, if he 
takes up too much matter with his mould, if he docs not 
equally extend it, or if he ftrikes his mould againft the 
drainer. In all thefe cafes the matter is accumulated in cer- 
tain parts of the mould, producing fomething like ridges in 
the paper, or if he lets the matter reft on the mould, and 
does not diftribute it immediately, there will be parts of un- 
equal thicknefs. When the vat is too hot, the ilretching 
out of the (heet will be ill performed, becaufe the water 
evaporates too foon from the mould. Add to this, that in 
letting the matter run towards one of the edges, by not 
giving his arm a regular motion, he may form a feather- 
edged paper, which may likcwife happen if he does not ex- 
tend his (luff fufficientiy ; or if the vat be too hot, or the 
fecula of the pulp is too crude, and does not run well ; if 
his arms are too Itiff, and if he gives a bad (hake, or if the 
mould be ill made. 

In order to avoid drops of water, which, if they fall upon 
the paper, will make difagreeable fpots, the mould (hould 
be raifed readily ; and as often as the coucher returns his 
mould to the drainers, he ought to be careful to (hake his 
hands behind him ; for without this precaution, his fingers, 
which are wet, would drop upon the (heet already laid, 
whilft he is covering it with the felt. If he is alfo too quick 



PAPER 

m iaying 9 the air detained and comprcfled under the fheet 
occafions a bloating, and makes fome parts more clear than 
others. 

In confcquence of the conftruAion of the mould, it is eafy 
to perceive that the (heets of paper will take, and prefervc, 
the imprelBon of all the wires which compofe it. and of the 
empty fpaces between them. This is feen in examining a fheet 
of paper before the light, a greater opacity being found on 
both Jjde'’’ of each brafs wire, than towards the midll of the 
fpace. I his thicknefs is occafioncd by the pulp, which the 
motion of the mould could not diftnbutc, being ftopped by 
the fmall wires, and ftill more by the large crofa wires. 
This defeat is completely remedied by the improvement of 
weaving the wire of the mould like cloth. The traces of the 
old wires are moft evidently perceived on the fide of the fheet 
which was attached to the mould, and on the other fide they 
form an afTemblage of rounded rifings. In the paper which 
IS molt highly finilhed, the regularity of thefe imprefTions is 
ftill vitible ; therefore it is evident, that all the operations to 
which It is luhmittcd, have chiefly in view to foften thefe 
inipreflions without deftroying them ; it is ncccflhry, tlierc- 
fore, to attend to tlie combination of labour which operates 
on thefe imprclfions. The coucher, in turning the mould on 
the felt, flattens a little the rounded eminences, which are in 
relievo on one of the furfaccs, and occafions, at ttie fame time, 
the hollow places made by the wire-cloth to be partly filled 
up ; meanwhile the effort which is made in detaching the 
paper, jirodiices an indefinite number of fmall hairs on every 
protuberant part of the fheet. Under the a6fion of the 
prefs, fir ft with the felts, and then without them, the per- 
fedting of the grain of paper ftill goes on. The veftiges of 
the protuberances made by the wires of the mould are alto- 
gether flattened, and in confequence the hollows oppofite 
them difappear alfo, but the traces formed by the interftices 
of the wire, in confequence of their thicknefs, appear on both 
lides, and are rounded by the prefs. 

The grain of the paper is often disfigured by the felts when 
they are too much iifed, or when the wool does not cover 
tlie thread. In this cafe, when the paper is fubmitted to 
the prefs, it lakes the additional traces of the warp and the 
w oiff, and compofes a furface extremely irrcguliff. 

'rhe two fides of the felt are differently raifed, and that on 
which tiic hair is longeft, is applied to the fheets which are 
laid down, and any alteration of this difpofition would pro- 
duce a change in tlie texture of the paper. The fluff of which 
the felts are made fhould be fiifficiently ftrong, in order 
that it may be ft retched exactly on the fheets. without falling 
into folds, and at the fame time fufliciently pliant to yield in 
any diredfion, without injury to the wet paper. As the felts 
have to refill the reiterated efforts of the prefs, it appears 
nccefl'ary that the warp be made ftrong, of combed wool, 
and well i willed. On the other hand, as they have to im- 
bibe a certain quantity of water, and to retain it, it iS necef- 
fary that the woof be of carded wool, and drawn out into 
a flack thread. 

The paper remains in the vat prefs during the time that 
♦he next poft of paper is preparing, and when it is removed 
to make room for that, the bufincfs of the third workman, 
called the lifter, begins ; it i« to take the fheets off the felt, 
(for they are caufed to adhere to them by the adlion of the 
prefs,) and then making the fheets up into a fecond pile ; but 
if the coucher works too fall, and the lifter finds himfelf hard 
preffed, he cannot ftretch out his fheets exadly upon one 
another, foas to make a neat and compadl pile, which is very 
neceffary to make paper of a regular and equal thicknefs, when 
put under a fecond or wet prefs, which is done as foon as fe- 
veral of the piles are completed, and can be coUeded together. 
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This fecond preffurc being made with all the fheets in conta^ 
with each other, expreffes a great quantity of water from the 
paper, and gives the fheet a very confiderable ftrength ; it 
alfo tends to take out thofe freckles on the furface of the 
fheets, which were occafioncd by the impreftion of the felt, 
though it is neceffary to have felts in the firft preffurc, be- 
caule the paper is then fo foft and pulpy, that it would be 
preffed into a folid mafs if the fheets touched each other. 
The paper remains in the fecond prefs as long as it can, until 
another pile is made ready by the lifter. When the paper 
has undergone thefe operations, it is not only foftened in the 
furface, but better felted, and rendered more pliant in the 
interior parts of the fluff. In fliort, a great part of the water 
which it had imbibed in the operation of the vat la diftlpatcd. 
By tiie felting of paper is underftood the approximation of 
the fibres of tlie fluff, and their interlacing lo as to adhere 
dole together. The paper is felted in proportion as the 
water efcapes, and this effeft is produced by the manage- 
ment and reiterated a£lion of the prefs : without this aiflion 
the paper would be porous, and compofed only of filaments 
without adhciioii. When the fheets are very thin, and it in 
found, after the fecond prefture, that they arc formed by a 
fcciila, which is fiill fo f at m ated with a great deal of water, 
that they have little confiftencc, it is probable that the fe- 
coiid prefs will join them to one another, and it is difficult 
to feparatc them ; indeed they cannot w^ell be taken off fingly 
without tearing a great number. This is a proof that the 
bufinefs of the prefs has been badly conducted. To avoid 
this inconvenience, it is neceffary to bring down the prefs at 
firli gently, and by degrees with greater force, and to raife 
it as fuddenly as poffihle. By this means the water, which 
is impelled to the lides of the heaps which has not yet 
efcaped, returns to the centre, the fheets are equally dried, 
and the operation is executed without difficulty. The repa- 
ration, fheet by flaeet, is not neceffary for drying, fo that 
feven or eight may be taken together, which is c^led form- 
ing the pages ; fometimes alfo a lefs number may do, when 
the paper is of a large fize, but never lefs than three fheets 
are hung up together. It is of mofe importance than we are 
aware of, that the fheets fliould thus remain, as it were, 
palled fcveral of them together : if they were iingle, they 
could not refill the moifture of the fize, yet this moiflure 
IS fufficient to facilitate their feparation ; but to prevent their 
feparating when they are huag up to dry, they ihould be fo 
placed that the pages may receive the wind in the furface^ 
and not in the fides and edges. When the paper is removed 
from the fecond prefs, it is taken to the drying lofts, which 
are very extenfive apartments, ufually the upper parts of all 
the buildings of tlie mill : the lides are formed by luffer 
boards, which are a kind of lattice or boarding which can 
be opened or fhut, to admit more or lefs air, at pleafure. 
The fheets are taken up upon a piece of wood like a T, and 
hung ur)on hair lines, ft retched acrofs large horizontal 
wooden frames, called trihhlety and thefe, as they are filled, 
are lifted up between upright polls to the top of the room, 
and retained by pegs put in the polls ; then another frame 
being filled, is put up in its turn, and fo on till the loft it 
filled from top to bottom. 

The principal care in drying the paper, confifts in gra- 
dually admitting the external air, and in preventing the 
cords from imbibing moifture ; for this reafon the lattices or 
luffer boards fhould be conflrudted with great exadneft, 
and the cords may be prevented from imbibing tlie water 
by covering them with wax. In ufing fuch cords, the 
moifture does not continue in the line of contadl between 
the paper and the cord, which prevents the fheet from 
ftretching in that particular place by its weight, and from 
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obtained feveral patents during its progreffive ftages of im- 
provement ; but an a6i of parliament was paflea in 1807, 
to extend the ufual terra of all thefe patents to fifteen years 
from that period, and they then enrolled a fpecification in the 
records of Chancery, detailing the machine, in its mod im- 
proved date, and from this we have taken the following 
defcription ; though it is fcarcely poflible to deferibe fuch 
a very complicated machine without figures. The pulp 
having been prepared, in the ufual manner, to due confid- 
ence, by the admixture of water, kept in motion in the vat 
by mean*s of what are denominated hog*, is let out through 
feveral circular apertures in front of the vat, which can 
be narrowed or widened at pleafure, by means of a Aiding 
plate. Thefe apertures admit the pulp into a trough, which 
has a low fide, or lip, and over the edge of this it flows, in 
a continued cafeade, or even fliect : this trough of the vat 
is placed at one end of the machine, fo that the dream of 
pulp falls upon a wire-cloth, rr web, of many yards in 
length, the ends of which being united together, it is ex- 
tended horizontally, in the manner of a jack towel, over 
two rollers, one of them placed clofe under the lip, or 
month cf the vat, fo that the ftream of pulp defeends as 
little as poflible. Thc^wire in kept fiipported by feveral other 
pa'*allel rollers, that it may not hang down or bag, but be 
kept as level as poflible, and by a very ingenious contri- 
vance is kept extended in breadth to a proper tcnfion ; it 
therefore reprefents a table of feveral yards in length, which, 
by rhe revolutioa of the roUers, kept in continual motion 
from the vat towards the end of the machine. The pulp 
is kept within bcunds upon this table, according to the 
width intended to be given to the paper, by tw^o pieces or 
rulers of wood, exadly parallel wnth each other, and alfo 
w'ith the line of motion of the wire. Between the wire itfelf 
and thefe rulers are placed two endlefs flraps of leather, as 
wide as the. rulers, and revolving with the fame velocity as 
the wire, but over diflerent rollers. Similar rulers, and end- 
lefs flraps, are alfo placed in contadl with the lower furface 
of the wire, fo that the wire is confined between them on 
each fide, and the liquid pulp thus prevented from running 
off on the fides, and they as deckles to the mould. As 
they move together, they occafion no trillion to deflroy the 
wire. Near that part of the wire upon which the pulp falls 
from the lip in the vat, there is placed a flap of oiled filk, or 
other material, to prevent tlie pulp from running back to- 
w'ards the vat over the roller of the wire. 

As the wire revolves upon its rollers, and carries the pulp 
along upon its furface from the vat to the other extremity, 
it is conduced between two rollers, fitted up in the manner 
of a rolling rrlill, which caufe a prcfl'ure upon the pulp and 
paper to force out the w^ater, and are therefore called the 
wet-prefs. In order to guard the pulp, which before pafiing 
between the rollers is in a foft flate, from being diflodged, 
or otherwife injured by the upper roller coming immediately 
in epntadf with it ; a revolving cndlcfs web of felt is applied. 
This is made of the fame width as the endlefs wire, but not fo 
long, and it is extended, like that, upon rollers fituated 
above the wires ; it is likewife brought between the rollers 
of the wet^prefs, fo that its under furface falls upon the 
furface of the pulp, or paper, and dcfe^ids it from the 
a£tion of the upper cylinder: the wire and the felt, arc 
thus brought into contact with the paper between them, 
and the required preffure is given by means of ferews, which 
increafe or diminifli the dittance of the large compreffing 
rollers, and thefe being covered with fl>annel cloth, or felt- 
ing, are prevented from inmring the wire webbing, as well 
as producing a better effeft upon the paper than naked cy- 
linders would do. 
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To prevent the water thus preffed out of the pulp from 
running back upon the paper, the wire is not only made to 
defeend before it paffes the wet-prefs, but there is alfo 
placed a fmall roller refting upon the wire, as near the 
prefs as poflible, and fomc part of the water is previoufly 
got rid of, by both the wire and felt, with the pulp be- 
tween tlicm, pafling through a fmall pair of rollers, to 
the axis of the upper one of which rollers are hung weights, 
in order to give a flight prcfliire. The water that* drains 
from the pulp is coUedted into a trough, and returned to 
the vat by means of a fcoop-wheel inflead of a pump, 
which might form the paper fluff into lumps or rolls, by 
the mutual fndion or rubbing of any parts of the apparatus 
againll each other, and the reafon for returning the water 
into the vat is to prevent the lofs of a confiderable portion 
of the paper, fluff, blue, fize, 5 cc. which would otherwife be 
fuflained by its running to wafle. 

It is evident then, that if motion is given in the proper 
direction to the wet-prefs cylinders, having both the web 
and wire thus comprefled bctw'cen them, they will be drawn 
along by them, and caufed to revolve upon their refpcAivc 
rollers ; and that, as long as thefe webs continue fo to re- 
volve, and the pulp continues fupplied and running upon the 
furface of the under web, fo long will the machine continue 
making a (beet of paper, of continually increafing length. 
But as the paper, even after having palTed betvTcn the roll- 
ers of the wTt prefs, is not of that confiftcncy and flrength 
as would allow of its being removed from the machine and 
cut in flieets, the new-made paper is caufed to detach itfelf 
from the wurc, at the moment it comes to the extreme 
roller, over which the wire revolves, and ia immediately re- 
ceived upon a fecond web of felt, which is, like the former, 
ftrctched by two principal rollers and other fubordinatc 
ones. By the revolution of this web, which muft have the 
fame velocity as the former, the paper is brought between 
two rollers of brafs or other hard metal, which are turned 
perfc(ffly fmoolh, and placed fome diftance from the wet- 
prefs cylinders, but cxadfly parallel to them, and after 
pafling through them the paper is received and wound 
upon a reel, or rrller, u hich is from time to time removed, 
and others applied in their room as they are filled with 
paper. 

This is the general aiFfion of the machine, but there are 
a number of very ingenious movements, which we have not 
mentic ned. The fhaking movement of the mould, which 
is foncccflary to make the pulp coagulate into paper, is, in 
this machine, given to the wire thus : the frame of the 
roller on which the wore is extended at the end near the vat, 
is fo placed on the top of upright legs, which are move- 
able on centres, as to admit the roller and wire with the 
deckle flraps to move Tideways a fmall quantity, and to re- 
turn, in the manner of vibration, by the aAion of a crank. 
The number of thefe vibrations, or fhakes, neceflary in a 
given time, and the fpace pafled through by the wire in 
each, will vary according to the quality and preparation of 
the pulp. The number, however, feems, by ODfervation, 
to be limited to one or two hundred f>er minute, and the 
fpacc between a quarter of an inch, and an inch. To 
enable the paper-maker readily to give a proper velocity to 
the crank according to his judgment, the fame is turned by 
a fmall independent water- wheel, the velocity of which, and 
confeqiient number of vibrations, are regulated, at plca- 
furc, by the quantity of water admitted upon the wheel. 
The Aiding plate in the vat, which admits the pulp to flow 
out as firfl mentioned, is regulated by a ferew, by which the 
circular aperture may be opened or (hut in any intermediate 
degreei fo that the quantity of pulp required to run from the 
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The excife duties on paper are fubjed, like other impofi- 
tions of the fame kind, to fucceflive variation, both in their 
amount and rate ; and fo are like wife the bounties and draw, 
backs. And as, in the courfe of a few years, the enumera- 
tion of them would not only be ufelefs, but erroneous, we 
(hall content ourfelves with obfervin^, in general, that the 
principal ad by which duties of excife are now colleded, is 
the 43 Geo. III. c. 69 ; that by the 43 Geo. III. c. 81. more 
duties were added to thofe impofed by the former ad, and by 
other fubfeouent flatutes other duties increafe the whole 
amount ; and the particulars may be found in the fchedules 
annexed to the feveral ads. We (hall here fubjoin fome 
more permanent regulations. 

Paper which hath paid the duty may be exported, and 
alfo books ; and drawbacks arc to be allowed lubjed to the 
regulations preferibed in feveral ads. { 26 Geo. 111 . c. 78. 
34 Geo. III. c. 20. 43 Geo. HI. c. 69. fehed. G.) I'he 
officer attending the packing of paper for cxpoitation, fliall 
take off the ftamps from each ream or bundle, and any per- 
fon obftruding bim in this lervicc incur a forfeiture of 
50/. (26 Geo. III. c. 77.) By 49 Geo. HI. c. 98. cer- 
tain duties of cuftoms are alio payable upon papers ; but old 
rags, old ropes or junks, or old filhing nets, may be import- 
ed dutyfree, (ii Geo. I. c. 7,) By 32 Geo. III. c. 54. 
Officers of the cuftoms (hall caufe any printed, painted, or 
Itained paper that is imported to be marked ; and counter- 
feiting or forging the mark or number, fubjeds to a forfei- 
ture of 100/. ; and counterfeiting or forging any (lamp or 
feal for making the impreffion, incurs a forfeiture of 500/. ; 
and any perfon who fliall fell paper with fuch counterfeit llamp, 
knowing the fame, fliall forfeit 50/. By 34 Geo, 111 . c. 20. 
the importation of books for fale, lirll printed in this king- 
dom, and reprinted in any other, incurs forfeiture of the 
fame, and alfo 10/., and double the value ot fuch book ; 
provided this (hall not extend to any book that has not been 
printed or reprinted in this kingdom, within twenty years 
before the fame (hall be imported, &c. 

Every maker of paper or palleboard, and every paper- 
ftainer, (hall take out a licenfe from tlie office of excife, an- 
nually, for which he (hall pay 2/., on pain of forfeiting 20/- 
( 24 Geo. HI, c. 41 . 43 Gio. Ill . c. 69. fched. A.) All 

brown paper, made of old ropes, or cordage only, with- 
out feparating or extrading the pitch or tar from them, 
and without any mixture of other materials, (hall be deemed 
paper of the fecond clafs or denomination, and be chargeable 
with the duty accordingly ; and all other paper whatever 
(glazed paper for clothiers and hot-preffers excepted) (hall 
be deemed to be of the lirft clafs or denomination, (42 
Geo. III. c. 94.) No paper fliall be nainted or (lained for 
hangings, except that for which the duty on paper of the 
firll clafs hath been charged, duly ftamped, See. (41 Geo. III. 
c. 8.) Nor is the maker to diminilh any paper before it be 
charged, under the penalty of 50/. and alfo fuch paper. 
Palleboard is to be made of paper charged, and unufed for 
any other purpofe, on pain of 100/., together with forfei- 
ture of the fame, and utcnfils, &c. employed in making it. 
(43 Geo. III. c. 94.) By the fame ad, the maker of 
palleboard (hall produce to the officers all fuch paper as he 
intends to life for palleboard, duly wrapped and (lamped, 
after 24 hours' previous notice, on pain of 100/. : nor (hall 
any maker of palleboard be a paper-maker, nor manufaAure 
within a quarter of a mile of a paper manufa6lory, on pain of 
too/. Places of making or keeping paper, palleboard, 
mill-board, fcale-board, or glazed paper, all uteniil? and ma- 
terials employed, (hall be entered, on pain of forfeiture, and 
alfo of 50/. (34 Geo. III. c. 20.) All paper (hall be 

made up into quire?, each quire confiding of 24 (heets, and 
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fuch ouires (hall be made up into reams of 20 quires each ; 
and all padeboard, 8cc» (hall be made up in parcels, each 
parcel containing even dozens of (heets, of one and the fame 
denomination, and of equal dimeniions, and not lefs than 24, 
nor more than 72 fuch (heets in every parcel; tied up, &c. in 
wrappers, and marked with the clafs of paper to which it 
belongs, the number of the reams made by the maker during 
the current quarter, &c. &c. on penalty of 200/. and forfei- 
ture. {42 Geo. III. c. 94.) Every maker may make his 
paper into quires without folding, provided that luch quires, 
when made up into reams, be feparated by a flip of coloured 
paper placed between each quire, and vifiblc on the outfide 
of the ream, and that the outfide quires of each ream confid 
of not lefs than 20, nor more than 24 (heets, at the option 
of the maker. Every maker, whofe mill or workhoufe is 
lituated in any city os market-town, who (hall have any 
paper, paftc-board, See. to be weighed, and charged with 
the duty, (hall give 24 hours (elfcwherc 48 hours) previous 
notice, in writing, to the officer of excife, who (hall attend, 
and fuch maker, or his fervant, (hall produce to the officer 
all fuch paper, padeboard, &c. duly tied up, that the duty 
may be charged previous to removal ; (lamps fliall be pro- 
vided by the commiffioncrs of excife ; and if any perfon fliall 
counterfeit fuch (lamps, and fell with fuch counterfeits, 
knowingly, he fliall forfeit joo/. (34 Geo. Ill c. 20.), but 
this penalty is repealed, and the perfon committing the of- 
fence is adjudged guilty of felony, and fubjedled to tranf- 
portation, as a felon, for feven years. 47 Geo. HI. feff, 2* 
c. 30. 

Paper-makers are enjoined to give notice to the proper 
officers of their names, places of abode, llore-houfes, &c. 
and to make regular entries, on oath, every fix weeks, of all 
paper. See. made by them, on penalty of 50/. and the duty 
(hall be paid in fix weeks after entry, on pain of double duty. 

34 Geo. HI. c. 20. 

Paper-makers are forbid to remove or to conceal their 
paper, See, till the officer has taken account thereof, on 
penalty of 50/., and forfeiture of the paper, &c. (24 Geo. III. 
c. 18. 34 Geo. HI. c. 20. 42 Geo. HI. c. 94.) Nor 

(hall paper. See. be removed in lefs than 24 hours, under the 
fame penalty ; nevertlielefs it may be removed from one mill 
to another, upon giving 48 hours' notice, in writing, to the 
officer. Paper that has been (lamped and charged, is to be 
kept feparate from other paper, and alfo paper of one clafs 
from that of another, on pain of jo/. 

Perfons mulefling officers in the execution of this a£l 
(34 Geo. III. c. 20.) incur a penalty of 100/. and the pe- 
nalties and forfeitures (hall be appropriated, one moiety to 
the king, and the other moiety to the informer. 

There is a drawback of the duties on paper exported ; 
and alfo for books printed at Oxford or Cambridge, in the 
Latin, Greek, Oriental or Northern languages, and alfo 
for bibles, teftaments, pfalm-books, or books of common 
prayer, printed either in thofe univerfities, or by the king’s 
printer, under certain conditions. 43 Geo. HI. c. 
fched. C. 

Padeboard, made of paper that hath paid the duty, (hall 
not be charged with farther duty. (34 Geo. HI. c. 20. 

42 Geo. HI. c. 94.) Allowance (hall be made on paper 
damaged, for wliich the duty hath been paid ; upon feven 
days’ notice : and allowance (hall be made to clothiers and 
hot-preffers; on certain conditions. 42 Geo. HI. c. 94. 

43 Geo. III. c. 69. 

Stained paper (befides the duty paid for the paper before 
ilaining) is fubjefl, by the former a^ls, to a duty of a 

yardfquare. 43 Geo. III. c. 69. 

Papers are of various kinds. With regard to colours. 
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They may be divided into cvto, Growth lflue$ &c. With 
regard to quality, into Jine^ ftcondy hnftardy fuperjiney &c. 
With regard to ulc> into writings printings pr{ffingy capy car* 
tridgc^ copyy chancery^ poftj See. With regard to dimenfions, 
into demy, mcdiuniy fooPs-cap^ pot, royal, fuper*royal, imperial, 
elephant, atlas, &c. With regard to country, into German, 
Lombard, Rochelle, Genoa, Holland, See* 

French paper is divided into lar^e, middle, and fmalL To 
the finall belong thofe called petit Romaine, petit Raiftn, or 
Baton royal, petit nom de Jefus, and petit a la main, all thus 
denominated from the marks imprefled on them in making. 
Alfo the c<irticr, for tlie backs of playing cards ; pot for 
the figure fide ; cournttne, which has commonly the arms of 
the cornpt roller- gener*il of the finances ; telliere, with the arms 
of the late chancellor Tellier, and a double T; andchawpy, 
or a chaf/is la ferpentc, fo called from its mark, the ferjient ; 
which be*ng extremely fine and thin, is iifed by fan- 
makers. 

To the middling fort belong th« grand raifin Jimpk, carre 
ftmple, cavalier, and lombart, the three la 11: of which are f«»r 
printing ; P ecu, or de cornpte fimpk, carre double, Pecu double, 
grand raifin double, and couromie double, which three lalt arc 
denominated double on account of their llrrngth and thicknefs. 
Add to thefe xhe pamahn, or paper with the Dutch arms ; 
and grand comet, lo denomhjated from the impreffiun 
on it. 

To the larger belong i\w grand Jefus, petit et grand Jltur* 
dedis, chapelet, colomhier, grand aig/e, dauphin, foleil, and 
Peioile, which arc thus called from the figures they bear, 
being all proper for printing either at the letter-prcfs or 
rolliiig-prefs ; alfo for merchants books, and for drawing on. 
The grand monde is the large ft of all. Vide Savar. D. de 
Comm. tom. ii. p. 96 fcq. 

We have alfo printed paper, for hanging rooms. (Sec 
IP KVV,^- hangings.) Stamped paper, to vritc obligations, deeds, 
and contracts upon. (Sec Siam i*.) Ruled paper, for books 
of accounts, &c. To whiclt may be added cut paper, and 
gilt papet, for letters, &c. Sec Gildinu Paper. 

r M^m\,Rlue, 18 a lort ufed by trndefmcn to wrap up goods} 
as fugar-loavcs, pieces of linen, See. 

rAriiU, Blotting, is paper not lized, and in which there- 
fore ink readily finks or fpreads. It is ufed in books of ac- 
count, See. in lieu of fand, to prevent blotting and disfiguring 
the oppufitc pages. The fame kind is likewile ufed by apo- 
thecaries in filtrating juices, and other maiters, for which 
the mantca Hippocratis is not fo proper. 

Papeu, Teint, or demlteint, for dcfigning on, is either 
brown, blue, or hijlerd, 

Paiu:ii, Bijlvrd, is white paper wafhed over with a fponge 
dipped in foot-water. Its ule is to fave the labour of the 
crayon, in places which are lo he fhadowed the fame depth 
with the teint of this paper. For light places, they are 
made thereon with white chalk. Vide Corneil. Elem. de la 
Peint. Prat. cap. ic. p. 35. feq. 

pArEii, Marbled, is a Ibrt of paper varioufly ftained, or 
painted as it were with divers colours ; made by applying a 
(hcet on the furface of a liquor wherein colours diluted with 
oil or 0x^8 gall arc fufpended. 

The manner of making it is thus ; a trough is provided 
of the (hape and dimenfions of u (lieet of the paper to be 
marbled, and about four fingers deep ; this is made of lead 
or wood well joined, and pitched or primed to contain the 
liquor. For the liquor, a quarter of a pound of gum ira- 
gacanth is macerated four or five days in fair water ; this 
thry dir from time to time, and add to it daily frt*(h water, 
till it he of a confiftency fomewbat thinner than oil ; then 
they ftrain k into the trough. 
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The colours to be applied thereon, for blue, are indigo 
ground up with white lead, or Pruflian blue and verditer may 
be ufed : for green, indigo andorpiment, the one ground and 
the other tempered, mixed and boiled together with com- 
mon water ; or verdigris, a mixture of Dutch pink and 
Pruflian blue, or verditer, in diflerent proportions : for 
yellow, orpiment briiifcd and tempered ; or Du^ch pink 
and yellow ochre : for red, the fineft lake, ground with rafp- 
ings of Brafil wood, which has been prepared by boiling lialf 
a day ; or carmine, rofe pink, vermilion, and red-lead ; the 
two Utter of which fhoiild be mixed with rofe pink or lake, 
to bring them to a fofter caft : for orange, orange lake, or a 
mixture of vermilion, or red-lead, with Dutch pink ; for 
purple, rofe pink and Pruflian blue. Into all thefe colours, 
properly ground with fpirit of \\inc, they put a little ox or 
lifli gall, which is two or three days old ; and if the colours 
dilate not of themfclvcs fufficiently, they add more gall : on 
the contrary, if they fpread too much, the gall is over-dofed, 
and muft be corrected by adding more of the colour without 
galL 

For the operation of marbling, v/hen the gum is well fet 
tied in the trough, they extend a fhect of paper, and plunge 
it very fhallow into the liquor, fuddcnly lifting it out again, 
in order to llir up, and raife the fiibfiding gum towards the 
furface, and for the more univcrfal impregnating of the 
liquor. 

This done, and all the colours ranged in gallipots on the 
tabic, where alfo the trough is placed, they begin by dipping 
a brufli of hog's hair into any colour, commonly the blue* 
firft, and fprinkle it on the furiace of the liquor: if the co- 
lour has been rightly prepared, it will dilate itfelf duly 
therein. This done, the red is applied in the like manner, 
but with another pencil : after this the yellow : billy the 
green. For white, it is made by only fprinkling fair water, 
mixed with ox’s gall, over the liquor. 

When all the colours are thus floating on the liquor, to 
give them that agreeable camhletting, which wc admire in 
marble paper, they ufc a pointed flick ; which being ap- 
plied by drawing it from one fide of the trough to the 
other, with addrefs, ftirs up the liquor and fludluating 
colours ; then with a comb, made of wood, about five 
inches long, with brafs teeth, about two inches in length, 
and a quarter of an inch diflant from each other, taken by 
the head with both hands, they comb the furface of the 
liquor in the trough, from one extreme to another, per- 
mitting only the teeth to enter ; this being performed with 
a gentle and unifiirm motion, makes ihofe clouds and undula- 
tions on which the beauty of the paper depends. 

If it be farther defired to have the colours lie in any other 
fantailical pofture, reprefenting ferpents, or the like, it is 
effected with the pointed flick above-mentioned, by drawing 
it over what has been already combed ; but thb muft be 
done with a dextrous hand, and with a fliallow dip into the 
liquor, circling, as if you would draw fomc flourilh, or 
figured letter. 

Laftly, the colours being in tliis poflurc, the operator 
difplays and applies on them a (heet of white moiflened 
paper ; to do which, artift-like, requires a fleight only to 
be obtained by pradlice ; becaufe the furfaces of the liquor 
and the paper are to meet equally in all parts ; w'hich done» 
before the colours have time to foak through, which, unlcfs 
the paper be very thick, will be in the fpace of two or 
three pulfes, he lifts up the paper nimbly, and with an even 
hand} and then, after fpreading it a while on a board, hangs 
it on a line to dry ; which, when fufficiently done, they firft 
rub it with a little foap, and then polifh it with a marble 
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ftohe, ivory knob, or glafs pohihers ; or with a bumiflier 
of Jafper or agate. 

It mud be obferved, that the fprinkling of the colours is 
to be renewed, and all the other ceremonies performed with 
the Hick and comb, at every application of frefh paper, by 
reafon that every paper takes off all the colour from the 
liquor. Vide Kirch, de Luce & Umbra, lib. x. par. 2. 
cap. 4. Merr. Obferv. on Neri de Art. Vitr. cap. 42. p. 312. 
Hought. Colle£l. tom. ii. p 419. feq. 

Some attempts have been m^de to enrich the marbling, 
by mixing gold and filver with the colours; which fucceeded 
well in many attempts in the French king*8 library, though 
the expence has hindered the pradice from obtaining. Savar. 
ubi fupra. 

Mr. Boyle tells us, that paper, befides its common ufes, 
may be made into frames for piftures, fine embofled work, 
and other parts of furniture. For this purpofes a conve- 
nient quantity of the beft white fort may be fteeped for two 
or three days in water, till it becomes very fnfi ; then re- 
ducing it by the mortar and hot water into a thin pulp, it is 
laid on a ficvc to draw off its fuperfluoiis moiHure ; then 
puttii^g it into warm water, wherein a confiderable quantity 
of frcfli glue, or common lize, has been diffolved, it may 
afterwards be put into moulds to acquire the deligned figure; 
and when taken out may be ftrengthened, as occafion re- 
quires, with plaHer, or moiftened chalk, and when dry 
painted or overlaid. 

This hint is fince improved into a regular manufadlure, 
under the name of papier machec. 

Another ufe of paper is to Hop up cracks or fiffures in 
wooden veffels to hold water ; for, in this cafe, it will for- 
cibly dilate, and fill the place in which it is to lodge. 

Paper, Chine/e, is of various forts ; fome is made of the 
rinds or barks of tree^, cfpccially tlpffc abounding in fap, as 
the mulbcrry-trec and e’m, but cliiefly of the bamboo and 
cotton-tree; but, in rcah'y, nlmoH each province has its 
peculiar paper; that of Se-'ch’cn is made of hemp ; that of 
Fotkiang, of foft bamboo ; that ufed in the northern pro- 
vinces, of the bark ol fh'' mulberry-tree; that of the pro- 
vince of Cfie-kiang, of whea’ or ricc-Hraw ; that of :he 
province of Kian;r-nang, of the fkin found in the iilk-w^ rms 
balls ; in fine, in the province of Hu-quang, the tre-chu, or 
ko-chu, furnifhes the principal material for paper. 

As io Papers made oj the barks of trees; the manner of 
their preparation may bt .xemplifi* d in the infiance of that 
of the bamboo, a tree nf 'he cane or re^'d kind, being hol- 
low, ami divided into j'unts ; but much larger, Imoother, 
liarder, and llr. ngcr, than any either fore of reed. 

For this paper, they ordinarily only ufe the fccond coat 
or fivin of the bark, wh ch is foft and white; this they beat 
in fair water to a pulp, which they take up in very large 
moulds or frame?, fo that they have fiiccts ten or twelve 
feet long, and lometimes more. I'hey are completed by 
dipping them Hieet by (hcct in alum-w\'ter, which ferves in- 
Head of the lize uled among us ; and l Ot only hinders the 
paper from too freely imbibing the ink, but gives it that 
luHre which at firll fight m^kes it look filvered, or at leaft 
varnifhed over. 

The paper thus mat^e is w'hite, foft, and clofe, without 
the leaH roughnefs to Hop the motion of the pen, or oc- 
cafion the rifiug of any of its fibres ; though being made of 
the bark cf a tree, it cracks more eafily than the European 
paper : add that it is more apt to take moiHure, that the 
dull Hicks to it ; and that the worms foon get into it ; to 
prevent which lall inconveniency, they are obliged often to 
beat their books and expofe them to the fun. Add, that its 
tlunncfs making it liable to be foon worn out, the Chinefe 


are under a frequent neceflity of renewing their books, by 
frefh impreflions taken from their blocks. Vide Le Compt. 
Nouv. Mem. fur Chin. lett. 7. KuH Bibl. Nov. Libr. an. 
1697, p. 67, feq. Lett. Edif. & Cur, tom. xix, p. 479, 
But the paper of the bamboo, it is to be obferved, is 
neither the beft, nor the moft ufed, in China. In the former 
of thefe refpefts, it yields the priority to the paper made 
of the cotton-ftimb, which is the wlnteft and fineft, and at 
the fame time leaft fubje^;t to the inconveniencies above-men- 
tioned ; becaufe it keeps as well, and is as durable, as the 
European paper. 

Dr. Grew thinks we may have plants in England, whicfi 
contain a dowm that in all probability would make as fine a 
paper ab that made by the Chinefe, from their cotton- fhrub. 
By which it appears he miftakenly imagined that the Chinefe 
paper was made not from the rind of the cotton-fhrub, but 
from the down or cotton itfclf. Vide Grew Muf. Reg. Soc. 
par. ii. fed. i. cap. p. 215. 

But the paper in moll common ufe in China, is that made 
of the tree called chu-kuy or hu chu^ which Du Halde com- 
pares, firft, to a mulberry-tree, then to a fig-tree, then to a 
fycaniore tree, and laftly, to incrcafc the embarraffment, to 
a ftrawberry-tree By all which, we know no more of it 
than if he had iaid nothing about it. 

The method of preparing it for paper, is by firft feraping 
off lightly the thin outfidc of the tree, w'kich is grecnifh ; 
then they take off the inner rind in long thin flips, which 
they blanch in water, and in the fun ; and afterwards pre- 
pare them in the fame manner as the bamboo. It muft not 
be forgot, that in the other trees it is only the inward bark 
that f'Tves for making paper ; but the bamboo, as well as 
the cottondhrub, have this peculiarity, that not only their 
hark, but iheir whole fubftance, may be employed, by means 
of the folio, ving preparations. 

Out of a wood of the largcft bamboos, they feled (hoots 
of d .e.ir’s growth, which are about the thicknefs of the 
calf of a man^s leg : thefe they (trip of their firft green rind, 
and fplit them into ftraight pieces of fix or feven feet long: 
the pieces tlius cleft, they deep in a pond of muddy water, 
till they r 't and grow foft by the maceration. In a fort- 
night they take them out, w^afli them in clean water, fpread 
them in a large dry ditch, and cover them with lime for a 
few days; then they take them out again, and having wafhed 
them a fecond time, they flip them into fmall filaments, 
whuh llu y expofe in the fun to dry and whiten : they throw 
tliem iiUo large coppers, wdiere they are thoroughly boiled: 
and laftly, reduce them by the ftrokes of large hammers to 
a ilun palie tT j.ulp. 

After tlii?, they take fome (hoots of a plant called ko-teng y 
they foeik them four or five days in water, till there come 
cut an unduoiis fi/.y fort of juice ; this they mix with the 
jmlp of which the paper is to be made, fomewhat in the 
fame manner as painters temper their colours ; care being 
taken not to put in too much, nor too little of it ; on which 
the goodnefs of the paper much depends. 

When they have mixed the juice of ko-teng with the cleft 
bamboo, and beaten the whole till it refembles a thick 
clammy water, they pour it into a large deep refervoir, con- 
♦iftiug of four walls, raifed breaft high, and having the fidcs 
and bottom fo cemented, that the liquor cannot run out, 
nor foak in. 

This being done, and the workmen placed at the fidcs of 
the refervoir, they dip in their moulds, and take up the fur- 
face of the liquor, which almoft inftantly becomes paper ; 
the mucilaginous and gluey juice of the ko-teng binding the 
partf, and lendcring the paper compa^, foft, and gloffy, 
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but dctacked parti, and confequently is unfit for all defigns 
where running work, fcrollB, or other ntorc complicated or- 
naments are introduced ; it is extremely confined, with re- 
fpc(S^ to the nature of the defigns for which it can be em- 
ployed ; and the print is therefore moft generally preferred. 
The method of laying on the flock by means of a print is 
this : a wooden print being cut (fee PAPER-^an^in^j) in fuch 
manner, that the part of the defign, which is intended for 
the flock, may proje6t beyond the rett of the furfacc, the 
varnifb is put on a block covered with leather, or oil-cloth, 
and the print is then ufed to lay the varnifli on all the parts 
where the flock is to be fixed. The ftieet, thus prepared by 
the varniftied impreffion, is now to be removed to another 
block or tabic ; and to be ftrewed over with flock : which is 
afterwards to be gently comprelTed by a board, or feme 
other flat body, to make the varnifh take the better hold of 
i^ Then the fheet is to he hung on a frame till the varnifh 
be ptrfedly dry ; at which time the fuperfluous part of the 
flock is to be brufhed off by a foft camePs-hair brufh, and 
the proper flock will be found to adhere iii a very flrong man- 
ner. When the ftcncil is ufed, the fame method is to be 
purfued : the varnifli for holding the flock beii.g laid on by 
that inftead of a print ; and the flock afterwards ib ewed upon 
it, as in the other cafe. 

The ufual method of preparing the flock is, by cutting 
woollen rags, or pieces of cloth, with the hand, by means 
of a large bill or chopping-knife. But it is much more eafily 
and better done by a machine 5 which may be worked by a 
horfe-mill, at the fame time fuch mill is employed for cutting 
diamonds, or any other fimilar purpofe. In fuch cafe, the 
conflrudion of that part of the machine, which is made for 
the cutting the flock, is this. 

A box 18 made for containing the rags or cloth to be cut ; 
which is open at the top ; and of fuch fize, as may beft fuit 
the quantity of rags that the force employed can cut. A 
blade is alfo to be made, the length of which is to be equal 
to the breadth of the box ; and it fhould be ftrong ; and 
rnift be charged with as great a weight as the force employed 
can be made to raife with a quick motion. The box being 
filled with the rags or cloth to be cut, is placed under the 
blade, and made to move by hitches, after the llroke of the 
blade ;s given, juft fo far as where it is proper the blade 
Ihould again cut the cloth or rags ; while, at the fame time, 
the blade is lifted up, and let fall on the clotli, w liich it cuu 
through, till by fucceflive llrokcs, and the progreflive mo- 
tion of tlie box under it, the whole quantity of cloth or 
rags in the box has been cut. The box muft then be turned, 
fo that one of the Tides may become the front ; and the ope- 
ration miift be repeated ; by which means tlic cloth or rags, 
having been cut both ways, will be reduced to the ftate in 
which the matter is called flock ^ and fit to be employed for 
the purpofe of paper-hangings. The work ncceflary for 
conveying from the principal mover in the mill, the motion 
for thrullitig forward the box, and railing the blade, may be 
eafily fupplied by any ingenious wheelwright, and need not 
therefore he particularly deferibed here., 

There is a kind of counterfeit flock-paper, whicli, when 
well managed, has vt‘ry much the fame effeA to the eye as 
the real; though done with lefs expence. The manner of 
making this fort is, by laying a ground of varnifh on the 
paper ; and having afterwards printed the defign of the flock 
in varnifh, in the fame manner as for true ; inftead of the 
flock, fome pigment, or dry colour, of the fame hue with 
the flock required by the defign, but fome what cf a darker 
(hade, being well powdered, is ftrewed upon the printed var- 
nifh, and produces greatly the fame appearance. Handmaid 
to the Arts, vol. ii. p. 4^8, flee. 
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'?APzn^hangings are of feveral kinds ; fome of which are 
made in the reprefentation of ftucco-work, for covering ceil- 
ings, or the lides of halls, ftair cafes, paflages, 8cc* and 
others in imitation of velvet, damafk, brocades, chintzes, or 
fuch filks and fluffs as are employed for hanging rooms. 

The principal difference in the manufadure lies m the 
grounds ; fome of which are laid in varnifh, and others in 
the common vehicles for water colours. 

The kind of paper employed for this ufe is a fort of car- 
toon, manufadured for the purpofe, which muft be ftamped 
before it be painted. 1 Geo. flat, 2. c. 36. 

The colours proper to be ufed for painting paper-hangings 
are all thofe that can be ufed in water and varnifli. But for 
common defigns done with water only, the following arc 
moft proper. 

For red, lake, vermilion, rofe-pink. and red-ochre : for 
blue,Prulfian blue, verditer, and indigo : for yellow, the yellow- 
berry wafli, Dutch pink, and yellow oclirc ; for green, ver- 
digris, or a mixture of the blue colours with the yellow 
colours, particularly with the yellow-berry wafh; forprange, 
vermilion, or red lead, with Dutch pink : for purple, a walk 
made of logwood, or a mixture of the lake, or rofe-pink, 
with deep coloured Prullian blue, or with indigo: for black, 
ivory black, and in fome nicer cafes lamp-black : for white, 
whiting: and for the heightnings, white-lead. 

Where great brightnels is required, the lake fhouM be 
ufed for the crirnfon red, and Priiflian blue for the blue ; 
but for many purpofes, rofe-pink ufed alone for the crirnfon 
red, and indigo mixt with whiting for the blue, will anfwcr 
the purpofe witli greatly lefs cxpence. The lake, rofe-pink, 
Pruflian blue, and Dutch pink, intended for this ufe, ffiould 
be procured in a moill ilate. 

The colours ufed in varnifli may be the fame as thofe ufed 
in water 5 but for this purpofe, thofe juft mentioned fliould 
be obtained dry. 

As for the vehicles of the colours ; when water is ufed, it 
muft be infpiffated with fizc and gum Arabic or Senegal. 
When burnifli is ufed, it muft be formed of oil of turpentine, 
and the rcfinsand gums which will diflblve in that menllruum. 
With refpeft to tlio grounds for paper hanging, thofe that 
are laid in water are made by mixirig wlnting with the fize 
ab6ve mentioned, rind laying it on the papi r, with a proper 
bnilii, in the iiioll even manner. Nothing nioie is neceflary, 
when the ground is to be left while ; ai.d the paper being 
hung on a proper frame, till it be dry, is fii to be painted. 
When coloured grounds arc wanted, the lame method muft 
be purfued ; and the ground of whiting flrd laid ; except 
that, in paler colours, a fccond coating may fometimes be 
fpared, by mixing fome flrong colour with llic whiling. But 
where a greater force of colour is wanted, the pigment or 
coloining Inbftance muft be tempered with the proper vehicle, 
and then fpread over the white coat. The varnifli grounds 

made much in the fame manner, by mixing the proper 
colonr with the varnifli, and fpreading it on the paj-er. 

There arc three methods by which papcr-liangiags are 
painted : tlie liril by printing on the colours ; the fecond by 
uling the ftcncil ; and the tlnrd by laying them on with a pen- 
cil, as in other kinds of painting. 

When the colours are laid on by printing, the impreflioa 
is made by wooden prints ; w hich are cut in fuch manner, 
that the figure to be exprefled is made to projejfl from the 
furface, by cutting away all the other part. This, being 
charged wdth the colours tempered wdth tlieir proper vehicle, 
by letii'ig the print gently down on a block, on which the 
colour is previoufly fpread, conveys it from thence to the 
ground of the paper, on which it is made to fall more forci- 
bly by means of its w'cight, and the effort of the arm cf the 
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pcrfon who ufes the print. The manner of doing this, 
when more particularly explained, is thus. 

The paper being properlv prepared by a ground of whit- 
ing, colour, or varnifh, is laid on a proper block, on which 
a piece of leather is ftrained. • The colour, mixed with its 
proper vehicle, is fpread on another piece of leather, or oil 
clotn, laid on a flat block, fomewhat larger than the print ; 
which is done by a boy or man who attends for that purpofe ; 
and having the colour by him, in a pot, fpreads it with a 
brufli on the block betwixt every ftroke and imprelHon the 
printer makes. The print is previoufly cut in fuch manner, 
correfpondently to the defigp of the painting, that there 
fliall be a proje6lion on the furface anfwering to every part, 
where that colour intended to be conveyed by this print is 
neceffary. The printer then takes the print either in his right 
hand, or, when too heavy to be fo managed, in both, and 
drops it gently on the block, jiill charged with colour; from 
whence he again immediately railes it in the molt perpendi- 
cular direflion, and lets it fall in the ftrongclt, though moft 
even manner, he can, on the paper ; increafing the force by 
all the additional velocity he can give the print. When this 
is diine, the (beet printed is immediately taken olF the block, 
and hung up to dry ; and another being put in its place, the 
fame operation is repeated, till the whole quantity of paper 
be printed. It is cafy to conclude, that there mull be as 
many feparate prints, as there are colours to be printed ; and 
they arc to be ufed fucceffively in the fame manner as the firft. 
But where there arc more than one, great care mull be taken, 
after the firll, to let the print fall exadly in the fame part of the 
paper, as that which went before; otherwife the figure of the 
defign would be brought into irregularity and confufion. In 
common paper of low price, it is ufual, therefore, to print 
only the outlines, and lay on the rell of the colours by llen- 
cilling ; which both faves tbe expence of cutting more 
prints ; and can he pra( 5 lifed by common workmen, not 
requiring the great care and dexterity neceflary to the ufing 
of prints. 

The manner of llencilling the colours is this. The figure, 
which all the parts of any particular colour make in the 
defign to be painted, is to be cut out, in apiece of thin leather, 
or oil cloth. Thcfe pieces of leather, or oil cloth, are called 
llencils ; and being laid flat on the Ihcets of paper to be 
printed, fpread on a table or floor, are to be roobed over 
with the colour, properly tempered, by meins of a large 
brulh. The colour pafling over the whole is confequentTy 
fpread on thofc parts of the paper where the cloth or leather 
is cut away, and give the fame effeft as if laid on by a print. 
This is nevertheleis only prafticablc, without great care, in 
parts where there are only detached mafles, or fpots of co- 
lours : for where there are finall continued lines, or parts 
that run one into another, it is difficult to preferve the con- 
neftion or continuity of the parts of the cloth, or to keep 
the fmaller corners clofe down to the paper ; and therefore, 
in fuch cafes, prints are preferable. Stencilling is indeed a 
cheaper method of ridding coarfe work than printing ; but 
without fuch extraordinary attention and trouble, as render 
it. equally difficult with printing, it is far lefs Ijcautiful and 
exad in the effea. For the outline of the fpots of colour 
want that (harpnefs and regularity that are given by prints ; 
befides the frequent extraiineations, or deviations from the 
juft figure, which happen by the original mifplacing of the 
ftcncils, or the ffiifting the place of them during the ope- 
ration. 

Pencilling is only ufed in the cafe of nicer work, fuch 
as the better imitations of the India paper. It is per- 
formed in the fame manner as other paintings in water, or 
vamifh. 
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It is fometimes ufed only to fill the outlines already 
formed by printing ; where the price of the* colour, or the 
exaanefs or the manner in which it is required to be laid on, 
render the ftencilling or printing it Icfs proper : at other 
times it is ufed for forming or delineating fome parts of 
the defign, where a fpirit of freedom and variety, not to 
be had in printed outlines, are defired to be had in the 
work. 

The manner bf proceeding with thefe feveral methods is, 
in common work, to ilencil firft all parts of the colour in 
the defign, and to give an outline to the whole at laft, by 
printing with brown or black : but where there is any riui- 
ning part of the defigns, fuch as fcrolls, or the Items or 
ftalks of creeping plants, or flowers, which are to be 
printed in any other colour than brown or black, a print 
mud be ufed for them ; though, if they require only brown 
or black, they may be done by the fame print which makes 
the outlines. 

In the finer paper, where feveral colours are laid pn with 
the prints, the principal colour is begun with ; and the reft 
taken fucceffively ; the print for the outline being laid on lad. 

In cafes where the pencil is to be ufed, the outline is nv ver- 
thclefs to be made before the colours arc laid on by the pen- 
cil, if fuch outline is to be made at all ; becaufe that is the 
guide to the perfon who lays on the colour ; and confines 
them to a dorrcAnefs. 

In paper printed with defigns in chiaro-fenro, fuch as 
the imitation of ftucco work, and has relievos, the order of 
printing muft be, to lay on the ground colour firft ; afterwards 
the (hades ; ,and laftly the lights : and the fame rule of fuc>^ 
ceffion mull be obferved where the colours are pencilled. 
Handmaid to the Arts, vol. ii. p. 44^, &c. 

Paper-hangings may be fpangled with that kind of talc 
called ifingla^, which being reduced to a grofs flaky powder^ 
has a great refemblarice to thin filver fcaTcs or powder. It 
is laid on by ftrewing over the vamifh, which forms the 
ground, before it begins to dry. When it is laid on in a 
figure, for the reprefentation of embroidery, the figure muft 
be printed in varnifli, and the talc ftrewed upon it, and treated 
like flock. Smalt may alfo be ufed in the fame manner as 
flock or fpangles. But hangings of this kind are now little 
ufed. 

Papers ruled for the reception of muficdl chara6lers. 
Roufleau was the firft, we believe, who made this a lexica* 
graphical article. Five parallel lines form what muficians 
call the Jl(^; upon which lines in the fpaces are difpofed all 
the notes of the time-table and their places in the general 
fcale, regulated bv clefs at the beginning of each ftaff. 

All our mufic for keyed inftruments, till the latter end of 
the feventeenth century, waS written on Haves of fix lines, 
of which the lowed in the treble clef, and higheft in the bafe, 
was the middle C of the general fcale. See Staff. 

Almoft all the mufic paper in Italy is ten-ftaved, for the 
convenience of fcoring fongs with four inftrumental parts : 
as the violino primo, violino fecondo, alto viola, voice part, 
and bafe. Thefe being linked together by braces, are eafily 
found, not only by the fingers, but by the inftrumental per- 
formers, by whom they may be accompanied from the 
fcore. 

The Englifh have paper rulea ot all forms 'and number of 
flavejs. In general, for violins, of 12 ftaves, and for the 
piano forte, and vocal parts, long quarto, as h is more on a 
level with the eyes, and conceals the vifage of the per. 
formers lefs from the audience. 

Paper, among Bankers ^ and other negociants, is alfo 
ufed for bills of exchange, bank and promifTory notes, flee* 

Subftituting paper for money, and giving the paper an 
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arbitrary value, was the way of paying debts introduced in 
France by Mr. Law. A royal banlc was efUblilhed, to 
which people were to carry their money, and receive the 
value of it tn bills, which were to pafs current in trade as 
fo much money. (Vide Chevign. Scienc. des Perf. de la 
Cour, tom. ii. p. 292.) It was made confifcation of goods, 
and the gallics, for any man to keep above forty livrea by him 
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of any but paper money. When the regent was told what 
a rage was fpinted up againft him about the arrets of making 

K current, and now openly the people threatened him, 
wered coolly, the French were like watch-dogs, they 
would bark, but not bite : ** Les Francois refemblent aux 
chiens a garde, ik aboyent, mais nc mordent pas.*’ Mift. 
Mifc. l.ett. tom. iv. p. 16. 
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PAPIN, Denys, in Biography^ an ingenious phyfician, 
th* fon of Nicholas Papin, allb a pliyfician, was born at 
Blois. He took the (iegree of doftor, and travelled to Eng- 
land, where he was elefteda fellow of the Royal Society, in 
December 1680. He pafled the following year in London, 
and publifhed an account of a machine which he had invented, 
and which ftill bears his name; this was “ The New Di- 
gefter, or Engine for the foftening of Bones,'* 4to. 1681. 
It foon appeared in French, with tne title of ** La Maniere 
d'Amollir les O0, ct de fairecuire toutes fortes de Viandes 
en peu de terns et a peu de fraix *' Paris 1682. The ma- 
chine confifts of a very (bong metal boiler, with an air-tight 
cover ferewed down wph great force ; hence the contained 
matter, being incapable of efcaping cither by evaporation or 
by burfting the machine, may be heated to a degree far be- 
yond that of boiling water, fo as to dilTolve the gluten of 
bones and cartilages. He afterwards improved this digefter, 


and it has finte been much employed in chemical and philo. 
fophical experiments. He affiiled Boyle in various experi- 
ments, of which an account is given in the hiftory of the 
Royal Society. Papin was a Calvinift, and was therefore 
prevented from returning home by the revocation of the 
ediil of Nantes. He afterwards refided at Marpurg, where 
lie taught the mathematics, and piihlilhed a “ Fafciculus 
Differtationum de quibufdam Machinis Phyficis,** iimo. 
1696; and in 1707, he publiflied at Franefort an account 
of a machine which he had invented for railing water by the 
aftion of tire, entitled “ Ars nova ad aquam ignis admiui- 
culo eificaciiTime elcvandam.*’ 

His father, Nicholas Papin, was author of feveral works, 
which, however, are nearly forgotten. Two of them re- 
lated to the powder of Sympathy, which he defended ; and 
one to the difeovery of Harvey, which he oppofed. Eloy 
Di6L Hid. de la Med. Gen. Biog. 
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Parallel Molum^ is a term ufed among pradical me* 
chanics to denote , the re^ilinear motion of a pidon-rod, 
&c. in the diredtion of its length; and contrivance?, by 
which fuch alternate redtilinear motions are converted into 
continuous rotatory ones, or wee merfa ; for pumps, (learn- 
engines, faw-rnills, See, are ufually called parallel motions, or 
parallel levers. In the modern improved ileam-engines and 
pumps, clofc cylinders are generally ufed for the pidoiis to 
a6l in, which being worked by poliAted rods Aiding through 
collars or dufHng-boxcs in the lids of the cylinders, it has 
become neceffary to contrive methods for cauling the pidon- 
rod to move accurately up and down in the fame right line. 
Tlie different combinations of levers ufed to produce this 
effed are worthy of our notice, as exhibiting fome inge- 
nious applications of geometrical principles. The object of 
the parallel motion is, to convert the motion of the end of a 
reciprocating beam or lever, into a vertical or rcdlilinear mo- 
tion ; or the continuous motion of a crank at once into a reci- 
procatiug motion. 

The fimpled and mod obvious method of producing either 
of thefe effe^s, is to conne^l the end of the pidon-rod to 
the beam, or the crank, by means of joints, with a conne^- 
ing rod of a proper length between them, and coniine the for- 
mer, to preferve its reAilinear movement, by Aiding through 
a collar, or in grooves. Fridlion- wheels may be ufed to 
make it work eafily ; but in machines which have great 
drains, the coiidant wear of the grooves or wheels would food 
produce loofenefs, and dsdroy tne parallelifm of the motion : 
recourfe mud, therefore, be had to parallel levers. 

Plate 111 . of Steam-engines, contains three different con- 
ftrudlions of levers, which are in common ufe in deam>en- 
gines, to produce parallel motions Two of them,^/. i, 2, 
3, and 4, were, we believe, iird introduced by Meffrs. 
Boulton and Watt, as appendages to their patent (team- 
engine, in lieu of the feflors, or arch heads with chains, for- 
merly applied to the beams of the old atmofphere engines. 
The moll fimple of thefe two is reprefented in Jigs, 3 and 4, 
where the pump, or pidon>rod T, is required to move always 
in the line T 1 , when a6tuated by the beam, or lever, H B, 
whofe centre of motion is A, and the point I, from which 
the rod receives its motion, of coiirfe moves in an arc of a 
circle. To this point, one end of a bar, or link I K, of any 
convenient length, is jointed, and to the oppolite end, K, ihc 
extremity of a lever, K 1., is attached by the joint or cetitre-> 
pin K, the other end, L, moving on a fixed centre of motion. 
The lever, K L, is exaflly equal in length to the a6ling radius^ 
A I, of the beam, and its centre ol motion, L, is attached 
to a fixed fupport, fo fituated, that when the beam, A I, is 
horizimtal, or at right angles to the line T T, the lever, 
K L, will alfo be horizontm, and therefore parallel to A I ; 
at the fame time the link, I K, which connedls them, muff 
hang perpendicular. A centre-pin is fixed at M, exactly in 
the middle of I K, and to this centre the top of the piffon- 
rod, T, is attached. Now the effect of the combination is, 
that the point, M, will always move in the vertical line T T, 


when the beam or the point, I, deferibes an arc of a circle 
round the eentre A ; for it is evident, that when the levers, 
by the motion of the beam on its centre, are brought into 
the pofition (hewn by the dotted lines A, I, K, L, (Jig, 3.) 
either above or below the horizontal, the upper end of the 
link, I K, is drawn as much out of the line, T T, on one 
fide, by the curved motion, or fweep of the beam, as the 
lower end is drawn out of that line, on the oppofite fide, by 
the fweep of the lever K L ; confequently, its middle 
point, M, continues always in that line, and prevents the 
piffon-rod deviating from it. The movement may be rea- 
dily traced by infpe6lion of the diagram, 3, which ex- 
hibits the levers in three different politions. 

Figs. 1 and a reprefent another of Boulton and Watt’s 
parallel motions, and is that now moll commonly ufed by 
themfelves and other engine-makers. This, as before de- 
feribed, has two fixed centres, A and F, and rods conncfled 
by moveable joints C, B, D and £, forming a parallelo- 
gram. 

In fetting out of theft centres, the line G G, in which the 
piilon is to move, (hould fail as much Aiort of the end of 
the beam, or point B, when in the horizontal pofition, as it 
will be beyond the end of the fame at the two extremes of 
the movement, which politions are reprefented by dotted 
lines, Jig, i : the link, B D, conneds the end of the beam 
with the top of the piffou rod, and about half way to the 
centre of the beam, another link, C £, of the fame lengthy 
is jointed, being alw’ays kept parallel to the former by a con- 
necting rod, D E, which is equal in length to C B, fo that 
C B, £) £, may form a parallelogram, in whatever pofition 
it may be placed by the motion of the beam, and the con- 
fequent motion of the links and coupling-rod on their move- 
able centres. 

The parallelifm of the point, D, is produced by means of 
the lever, £. F, which is connected to the point, £, of the 
parallelogram, and the other end moves on the fixed centre, 
F ; therefore the end, £, of the rod, £ D, moves in an arc of 
a circle, round the centre F ; the other end, D, will be found 
to traverfe the right lirie G G. 

The proportions of the levers of this motion admit of 
great variation : the fimpleff cafe is, when the radius, 
A C, is exactly half of A B, then £ F muff be equal 
to A C or C B. Confiderable latitude is allowed to the 
workman in the length of the links B D and C £, without 
fenfibly deranging the parallelifm of the point D, and pif- 
ton-rod attached to it. With thefe proportions, the centre, 
F, will fall upon the line G G, which is often inconvenient ; 
for as there are two of the parallelograms, C £ and D B, 
one on each fide of the beam, the centres of the lever, £ F, 
cannot be made on one common axis. Eleven different pro- 
portions for thefe levers will appear by the following table of* 
dimenfions, in inches, taken from fome of the beftlleam-en- 
gines , by various makers in or near the metropolis. 
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fVgx. 1 and2. 

Length 
of Stroke 
Vd. 

Beam A B. 

Coupling 

Rod, 

DECB. 

Link. 

CErz 

BD. 

Leve r E F. 

N-' 1 

96 

H 7 

69 

42 

78 

2 

72 

120 

50 

28 

96 

3 

72 

I TO 

5S 

3^4 

5 S 

4 

48 

90 

4 ‘ 

20 

60 

5 

48 

84 

38 

*9 

60 

6 

48 

84 

36 

20 

J 4 

7 

48 

7* 

4 ' 

18 

25 

8 

45.6 

76 

40 

28 

36 

9 

36 

60 

37 

12 

15.66 

10 

*4 

37 ! 

16 

9 

26 

11 

23 

36 1 

16 

12 

26 


The principle on which parallel motion, or what is infen- 
fibly near to one, ‘ is produced in all thefe different cafes, will 
beft appear, ift'ter explainin a different confiru^ion for the 
fame purpofe by Mr. Frccmantle. 

Fig> 6. reprefents this parallel motion, which is effeAed 
by means of two fixed centres, D and E, and the three 
moveable ones B, C and A. In this cafe the beam-centre, 
A, is not ftationary, but has a fmall motion on its fupport 
D A, which is moveable on the fixed centre D : the centre 
C, wliich unites the lever, E C, to the beam, is in the 
middle of the beam, (#. r. B C = C A, and E C is alfo of 
the fame length,) the fupport, DA, being of any con- 
venient length ; but the loncrer the better, fince llie con- 
flrudfion requires, in (Iridfnefs, that the point, A, fhould 
Aide horizontally in the dotted lines E, A, inftvad of de- 
feending in each end of its courfe in the arc of tho radius 
D A. The pi(loii*rod, G, is jointed immediately to the 
end of the beam at B. The parallelifm of the motion in 
xhis contrivance is effcAed by the lever, E Ci compelling 
the middle point of the beam, A B, to move upon the arc 
C C, as It libratvB upon its centre, whilll that point traverfes 
upon tiie lop of the bar, A D, to fuch an extent, that the 
extremity, B, will always iravcrfe upon the line G G, and 
of courfe carry the pifton-rod with it. This may be de- 
monftrated thus : fuppofmg E A to be a horixootal line, let 
the dotred line, BA, reprefent any pofition whatever of 
tI»c beam, and E C the correfponding pofition of the lever ; 
then BC E and AC E will form tv^o ifofceles triangles, 
becaufc of the equal iidcs BC and C E, and £ C and C A^ 
their oppofite angles are equal, as E B C = B E C, and 
C E A =: C A E ; and becaufe the angle, B E A, is made 
up of the angles B E C and C E A, the fame, (BE A,) is 
equal to the fum of the two angles, B and A, of the tri- 
angle B A E, which (hew the third angle, E, to be a right 
angle ; therefore the point, B, will be perpendicular over E, 
or perpendicular beneath it, as a fimilar coriftruftion, below 
the line E A, would (hew. As the demonft ration is equally 
true of every other part of the movement, as well as its 
extremes, the angle, BEA» will in all cafes be a right 
angle, and confequently produce a parallel motion. We 
liave here fuppofed the centre, A, to be confined to Hide 
along the line E A ; but in praAice it has been found, that 
the point, A, may be allowed to move in the arc of a 
circle, def^cribed on the centre D, in (lead of the right line 
E A, without producing fcnfiblc deviation in the parallelifm 
of the point B, and the pifton-rod, G, attached to it. The 
fixed centre, E, may alio be moved out of the line B B, 
either towards or from the centre A, within certain limits, 
making proportionate alteration in the lengths of the lever 
E.C^ and radius A C, as will be evident on making the fol- 
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lowing compartfon between the conftrudiont in fg, a. and 
Jig> 6. If in Jigt, I, and 2. we produce the line I) E, 
and from A draw a line parallel to C E and B D, intcrfe(ft. 
ing it in Y, then fuppofe the figures turned uplide down, 
and end for end, we can compare the fixed centre 6, 

with A,^. 2 ; and the fixed centre E.jfg. 6, wirh r ; alfo 
the beam A B,jf^. 6, with the produced coupling rod Y D t 
the fupport D A, Jig. 6, with A Y ; and the lever E C, 
Jig. 6, with F E : it will then appear that the two con- 
ftru^lions are eflentially tlje fame in principle, fuppofmg 
the fixed centre, E, moved out beyond the line B B, as has 
been mentioned above to be prcu^icable. 

The dimenfions, given in our table above, will (hew what 
confiderable variations in the proportion of lengths, par- 
ticularly with regard to the lever E F, jig, 2, may he 
made in pra6tice, without fenfibly impairing this admirable 
contrivance for producing a vertical motion from a power 
moving up and down, in the arc of a circle deferibed by the 
end of the beam. 

A very ingenious parallel motion is reprefented ip Jig. 5, 
which converts the rc£fi)inear motion of a pifton-rod at 
once to a rotatory motion' for a crank or axis. This con- 
trivance has been afenbed to an American, named White j 
and has been adopted in fteam-engines by Mr. Murray, of 
Leedt?. It is founded on a well-known property of epicy- 
cloidal curves, tiiat. that if within any given fixed circle 
another circle rolls round, which is juft half the diameter 
of the fixed circle, any point in the circumference of the 
rolling circle deferibes tt right line, which crofifes the longer 
circle, as a diameter thereto. The mode of conftrudion is 
eafily underftood from the figure, in which A B is a fi>xed 
circle, or hoop of caft iron, whofe internal diameter is 
equal to the ftrokc of the pifton ; it is fupported externally 
by ftandards G and H, and furni(hed with fmall teeth all 
round the interior part of its circumference ; C is a toothed 
wheel, whofe diameter is only half that of the ring ; the 
axis of the wheel, which is to have the rotatory motion, 
pafles through the centre of the ring, and has .a circular 
iron plate, or wheel E, fixed upon the extremity of it ; 
from this plate, a pin or bolt, R, prqje^s, and is by the 
motion of the axis carried round in a circle, in the manner 
of a crank. This pin forms the centre-pin of the 1‘matt 
wheel C, and therefore compels it to roll round within the 
great circle, and keep the teeth always in coutadi. The 
upper extremity of the pifton-rod is attached to a pin, F, 
fixed on the circumference of the fmall wlieol, at the point 
where the two wheels will be in contaft, when at the loweft 
and higheft points of the motion. 

The pin F, at the circumference of the fmall wheel, i^ 
adjuftablc by a Aider and ferew, fo as exaftly to fuit the 
diameter of the outer circle ; and the pifton-rod, being at- 
tached to it, is moved truly up and down in the line 1 K# 
in a very regular manner, when the axis of the plate, E, is 
turned round ; or n)ice verja^ if the impelling power is ap- 
plied to the pifton-rod, in which cafe a fly-wheel .muft be 
applied upon the -central axis to regulate the motion. 

7'he extremity of the pifton-rod will be confined to move 
in the vertical diameter of the ring, becaufe .it is made to 
defenbe an epicycloid of that kind, which is formed by • 
circle rolling round within the infide of another circle of 
double diameter, in which cafe, it is welFknown the epicy- 
cloid becomes a diameter of the larger circle, and the 
fmaller circle makes two complete revolutions, wliile it is re-, 
valving from any one point of the larger circle to the fame 
point again. 

In all the motions we have deferibed, the converfion .qf 
the reciprocating motion to a rotative, is eftefted by tneana 
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of a cranki which communicates with the beam by a con- 
ne^ing rod at the oppofite end of the beam, in the manner 
of H K, 4 ; ufually at the end oppofite to the parallel 
levers. Some mechanics have fuppofed it dcfirable, in a 
parallel motion, to give the pifton-rod, the faw, or the like, 
an uniform velocity through the whole of its progrefs ; 
then to bring ir at once to reft again, and to give it in- 
ftantaneoufly its intended velocity in the oppofite diredion, 
and lo on. This the crank will not do, as its motion, 
at the point where the change or reciprocation of motion 
takes place, is imperceptible ; they have therefore fought 
other means. 

One method of producing this effeft is, to make the pifton- 
rodconfill of two parallel bars, having teeth in the fide, which 
front each other. Let a toothed wheel be placed between 
them, having only the half of its circumference furniftied with 
teetli. It 18 evident, without any further defeription, that 
if this wheel be turned uniformly round its axis, the pifton- 
rod will be moved uniformly up and down without inter- 
miflion. This has often been put in pra&ice, and the pifton- 
rod made to work between grooved rollers, but the macliine 
always went by jolts and feldom lafted a few days. Un- 
llcilful mechanics attributed this to defefta in the execution, 
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but the fault is effential, and lies in the principle. The 
machine could not perform a fingle ftroke without break- 
ing, if the firft mover did not flacken a little, or the dif- 
ferent parts of the machine did not yield by bending, or 
by comprelfion, and no ftrength of materials could with- 
ftand the violence of the ftrains at every reciprocation of 
the motion. This is chiefly experienced in great works, 
which are put in motion by a water-wheel, or fome other 
equal power, exerted on the mafs of matter of which the 
machine confifls. The water-wheel, being of great weight, 
moves with confiderable fteadinefs, or uniformity; and when 
an additional rcfiftance is oppofed to it by the beginning of 
a new ftroke of the pifton, its great quantity of ' motion is 
but little affeAed by this addition, and it proceeds with 
very little lofs of motion. The machine muft either yield a 
little by bending, and comprelfion, or go to pieces, which 
is the common event. Cranks are free from this incon- 
venience, becaufe they accelerate the pifton gradually, and 
bring it gradually to reft, while the water-wheel moves 
round with almoft perfeft uniformity. The only inconveni- 
ence attending this flow motion of a pifton at the beginning 
of its ftroke, is, that the valves do not fliut with rapidity, 
fo that fome water gets back through them. But when 
they are properly formed and loaded, this is but trifling. 
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P.vRCHMENT, in Commerce^ &c. fheep or goats' fkin 
prepared after a peculiar manner, which renders it proper 
for fevcral.ufes ; particularly for writing on, and for the 
covering of books, &c. 

The word comes from the l^atin Fergamena, the ancient 
name of this manufafture ; which it is faid to have taken 
from the city of Per^amos, to Eumenes, king whereof, its 
invention is ufually aferibed ; though, in reality, that prince 
appears rather to have been the improver than the inventor 
of parchment ; for the Perfians of old, according to Dio- 
dorus, wrote all their records on (kins ; and the ancient 
lonianp, as we arc told by Herodotus, made ufc of fheep- 
jkins and goat-flcins in writing, many ages before EumeneH’s 
time. Nor need we doubt, that fuch fkins were prepared 
and drefl’ed for that purpol’e, after a manner not unlike that 
of our parcliment, though, probably, not fo artificially. 
Vide Divul. Sicul. lib. ii. p. 84. Hcrodot. lib. v. Prid. 
Conned, part i. lib. vii. p. 708. 

Dr. Pii'leaux is a (Irenuoiis advocate for the antiquity 
of parchment; and he imagines that the authentic copy of 
the law 'which Hilkiah found in the Temple, and fent to 
king Jofidh, vvas formed of this material ; becaufe no other 
ufed for v.ri ir g, parchment except; d, could be of fo 
durable a nature as to lail from the time of Mofrs till that 
period, for eight hundred and thirty years. But it has 
been replied to this argument, that the Egyptians wrote on 
linen thofc things which they defigned for long duration ; 
and thofe v-ho have examined mummies with attention, 
affure us, that the chara^tera fo written continue to this day. 
It is not, therefore, improbable, that a copy of the law 
Mofes, written after this manner, might have lall<“d eight 
hundred and thirty years. Btfioes, it is not very likely that 
thofe Ikins which w<re uied, according to the ttflimony of 
Diodorus and Herodotus, by the P'-rfians and Romans fqr 
writing, long before the time of Eumenes, were dreffed like 
parchment. They niuft have been prepared in a much 
ruder manner, and have little rcfembled the parchment, of 
which Eumenes is faid to be the inventor ; becaufe, if it had 
been found out before, it would have rendered the want of 
the Egyptian papyrus no inconvenience to that prince. 
Such (kins might do for records, and for feme occafional 
writings, but would have been by no means proper for 
books. Hence fome writers have concluded, that parch- 
ment was a later invention than the Egyptian paper. 

Parchment conftitutes a very confiderable article in the 
French commerce ; it is made in moft of their cities ; and, 
befides the confumption at home, they fend vaft quantifies 
abroad, particularly to England, Flanders, Holland, Spain, 
and Portugal. 

That called virgin parchment is fomewhat thinner and 
finer than the reft ; and is molt proper for certain purpofes. 


as fans, 5 cc. and made of the ikin of an abortive lamb, or 
kid. 

Parchment, Manufadure of. The lltin having been 
ftript of its wool, and having pafTed tlie lime-pit (after 
the manner deferibed under ifie article Shammv), the 
(kinncr ftretches it on a kind of frame, con fi fling of four 
pieces of wood, mortifed into each other at the four an- 
gles, and perforated lengthways from difUnce to diflance, 
with holes furnifhed with wooden pins, that may be turned 
at pleafure, like thofe of a violin. 

To ftretch the flcin on this frame, they make little holes 
all around it, and through every two holes draw a little 
(liewer ; to this fkewer they tie a fmall piece of pack-thread, 
and tic that over the pins ; fo that coming to turn thi‘ pins 
equally the (Icin is (Irained tight every way, like that of a 
drum. 

The (kin being thus fulFicicntly fi retched on the frame, 
the flefh is pared ofl* with a fiiarp inftrument for that pur- 
pofe ; this Gone, it is moificned with a rag ; and a kind of 
white (lone, or chalk, reduced to a fine dim, is ftrewed over 
it : then, with a large pumicc-fione, flat at bottom, much 
after the manner of a mullet for grinding colours, they rub 
over the fi-tin as if about to grind the chalk ; and thus they 
fcour olT the remains of the flcfii. Then they go over it 
again with the iron infirument ; again moiflen it as before, 
and again rub it with the pumice fiunc without any chalk 
underneath ; this fmoothens and foftens the flefh-lide very 
confiderably. They then drain it again, by palTing over it 
the iron infirument as before. 

The flefh-fide being thus drained, they pafs the iron o.n 
the wool or hair-fide ; then llretcli it tight on the frame- 
by means of the pins, and go over tlie flefh-fide again with 
the iron ; this finifhes its draining ; and the more the (kin 
is drained, the wdiitcr it always becomes. 

They now throw on mo-e chalk, fweeping it over with 
« piece of lamb-fi<in that has the w'ool ot> ; this fmootheim 
it dill farther, and gives it a white down or knap. It is now 
left to dry, and when dried it is taken o(F the frame, by cut- 
ting it all round. 

The (kin, thus far prepared by the (Icinner, is taken out 
of his hands by the parchment-maker, who (irfl ferapes or 
pares it dry on the dimmer with an iron infirument like that 
above-mentioned, only finer and (harper ; with this, worked 
with the arm from top to bottom of the (kin, he takes away 
about one-half of its thicknefs. The (Itr?, thus equally pared 
both (ides, they pafs the pumicc-dorje ove»* both fides. to 
iinoothen it. This lad preparation is performed on a kind 
of form or bench covered with a fack duffed with flocks, and 
it leaves the parchment in a condition for writing on. 

The paring of the (kin dry on the funimcr is the mod dif- 
ficult preparation in the whole pn^'-efs of parchment, 
making ; for which reafon, the (kinners feldom dare meddle 
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with it, but ufually leave it to thofe more experienced in it ; 
the fummcr, whereon it is performed, is a calf-fkin well- 
ftretched on a frame, ferving as a fupport to the fkin, which 
is fadened a>top of it with a wooden inftrument> that has a 
notch cut in it. Laftly, that the iron knife may pafs the 
caficr between the fummer and the fkin to be pared, they 
put another ikin, which they call the counter-fummer. The 
parings, thus taken off the fkin, are ufed in making glue, 
lize, &c. 

What we call vellum^ is only parchment made of the (kins 
of abortive calves, or, at leaft, of fucking calves ; it is finer, 
whiter, and fmoother, than the common parchment ; but 
it is prepared in the fame manner as that, except that it is not 
pafTed through the lime-pit. 

Parchment, To make a green iranfparent, Wa(h the 
parchment in cold ley, till it come clear from it; then 
fqueeze out the liquor as much as poflible ; and if you would 
have it of a fine green colour, take didilied verdigris, 
ground with vinegar, and add a little fap-green to it ; tem- 
per it neither too thick nor too thin ; then foak your parch- 
ment in this colour thoroughly a whole night ; rinfe it after- 
wards in water, drain ii immediately on a frame, and fet it 
to dry ; take clear varnifh, lay it on both iides, fet it in the fun 
to dry ; after this cut the parchment out of the frame into 
leaves, as large as you plcafe, and lay them in a book under 
prefs, to keep them fine and draight. The effefl of this 
parchment is to make a fmall letter, when put over it, ap- 
pear as big again ; and it is a great preferver of the eyes, 
clpecially to thofe that read much by candle-light. The 
varnidi mud be prepared of linfeed-oil, and boiled with 
frankincenfe, madich, and fandarac. 

If you would have the parchment of a clear, tranfparent, 
and white colour, only walh, drain, and varnifh it, as above. 
If you would colour it yellow, deep your parchment, after 
it has been wadied, in a yellow liquid, made of faffron ; for 
which purpofe, tie faffron in a thin linen rag, hang it in a 
weak ley, and warm it over a flow fire ; and when you fee 
the ley tinAured yellow, it is fit for ufe. 

For a tranfparent red* — Take brazil, as much as you will: 
put it into a hot ley, which is clear, and not too drong, and 
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it will tindure the ley of a fine red ; then pour to it about 
half an egg-fhell full of clean wine ; draw the parchment 
through the colour ; and when it is as deep as you would 
have it, drain it as before. 

For a Hue* — Take Lombard indigo, grind it witli vinegar 
on a done, and mix fal ammoniac among it, to the quantity 
of a pea ; with this wet your parchment, and proceed as has 
been direAed for the green. 

For a •oiokt or purple Colour, — Temper two-thirds of the 
above red, and one-third of the blue, and ufe it as before 
direfted. 

For a Hack Colour. — Take Roman alum, beat it into 
powder, and boil it in rain-water to a fourth part; add 
Roman vitriol, or atrament, with fome Roman galls, and 
b( il them together : with this dain your parchment twice 
or three times over ; and, when dry, lay the Spanifh varnifh 
ovet it. 

N. B. With thefe tranfparent parchments yon may make 
curious bindings. One fort, ufed at Rome, is Uiade thus : 
lay the board or padeboard over with leaf-gold, Itaf-filver, 
ftanial, metal-leaves, &c. then binding the parchment over 
it, jt will give it an uncommon ludre and beauty. 

Dr. Lewis informs us, that, in order to render the ink 
durable on parchment, a thick piece of it fhoiild be deeped 
in water, with fome oak-bark, fur three or four days, and 
then prefled fmooth and dried. When the furface of this 
parchment was pared off, and the internal part written upon, 
the charaAers continued of a good black, while thofe made 
with the fame ink, on unprepared parchment, were changed 
into a yellowifh-brown. Vellum may alfo be treated in the 
fame manner. 

It is faid, that writing upon parchments decayed by time, 
may be recovered, and rendered legible, by dipping the 
obliterated parchment into a veffcl of cold water, frefh 
drawn from the well ; let it be taken o”t in about a mi- 
nute, and preffed between two papers, in order to prevent 
its crumpling up in drying. As f on as it is moderately 
dry, if it be not legible, repeat the operation two or three 
times. 

Parchment, Roll of See Roll. 




PARTING, in the art of refining metals, is a procefs 
by which gold is feparated from filver. When thofe metals 
which are oxydable in the cupel have been feparated from 

( rold, the filver not undergoing that chann remains al- 
oyed with it. This is always the cafe in refining jewellers’ 
gold. In order to feparate the filver, the alloy is firft rolled 
into very thin plates, the thinner the better j thefe plates 
are to be boiled with pure nitric acid. By this means, the 
filver is difiblved by the nitric acid, giving to the plates a 
corroded appearance, as if perforated with a fmall inllru- 
ment. When the filver ceafes to be dilTolvcd, the plates are 
to be melted. If the gold is required of greater purity, it 
may be rolled in plates, and expofed to the acid a fecond 
time. If the nitric acid contains any muriatic acid, which 
is generally the cafe with the acid of commerce, feme of the 

S lid will always be difiblved. Should this be the cafe, the 
ver (hould firft be precipitated in the form of muriat, 
with common fait, and the gold afterwards thrown down 
with green fulphat of iron. 

The moft effedual method of feparating gold from filver 
is to difiblve the whole, of the thin plates in nitro.muriatic 


acid. The filver will be found at the bottom of the vefTel 
in the form of muriat, while the gold remains in fulution, 
and may be precipitated with fulphat of iron. The iilver 
may be obtained by heating the muriat with foda in a cru- 
cible. The muriat of feda fublimes, while the filver is left 
pure. See Assaying. 

Parting, Dry, or parting by fufion, is performed by ful- 
phur, which has the property of uniting eafily with filver, 
while it does not aitacic gold. The moft advantageous 
method, fays Dr. Lewis, of feparating a fmall portion of 
gold from a large one of filver, appears to be by means of 
fulphur, which unites with and fcorifies the filver without 
aifeAing the gold : but as fulphurated filver does not flow 
thin enough to fuffer the fmall particles of gold diffufed 
through it to re-unite and fettle at the bottom, fbme addi- 
tion is necelTary for colie Aing and carrying them down. 

In order to the commixture with the fulphur, fifty or 
fixty pounds of the mixed metal, or as much as a large 
crucible will receive, arc melted at once, and reduced into 

g rains by lading out the fluid matter, with a fmall cruci- 
e made red-hot, and pouring it into cold water ftirred 
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with 1 rapid circular motion. From an eighth to t fifth 
of the granulated metal, according as it is richer or poorer 
cn gold, is referred ; and the reft well mingled with an eighth 
of powdered fulphur. The grains enveloped with the ful- 
phur arc again put into the crucible, and the fire kept gentle 
for fome time, that the lilvcr, before it melts, may be tho- 
roughly penetrated by the fulphur ; if the fire was haftily 
urged, great part of the fulphur would be diflipated with- 
out ading upon the metal. 

If to folpnurated filver in fufion pure filver be added, 
the latter falls to the bottom, and forms there a diftinA 
fluid, not mifcible with the other. The particles pf gold, 
having no affinity with the fulphurated filver, join them- 
felves to the pure filver, wherever they come in contaA with 
it, and are thus transferred from the former into the latter, 
more or Icfs perfeftly according as the pure filver was more 
or Icfs thoroughly diffufed through the mixed. It is for 
this ufe that a part of the granulated metal was referved. 
The fulphurated mafs being brought into perfeA fufion, 
and kept melted for near an hour in a clofe covered cruci- 
ble, one-third of the referved grains is thrown in ; and as 
foon as this is melted, the whole is well ftirred, that the 
frefh filver may be difiributed through the mixed, to colleA 
the gold from it. The flirnng is performed with a wooden 
rod ; an iron one would be corroded by the fulphur, fo as 
to deprive the mixed of its due quantity of fulphur, and 
likewifc render the fubfequent purification of the filver more 
troublefomc. The fufion being continued an hour longer, 
another third of the unfulphurated grains is added, and an 
hour after this the remainder ; alter which the fufion is 
farther continued for fome time, the matter being ftirred at 
lead every half hour from the beginning to the end, and the 
crucible kept clofely covered in the intervals. 

The fulphurated filver appears in fufion of a dark brown 
colour ; after it has been kept melted for a certain time, 
a part of the fulphur having efcaped from the top, the 
furface becomes white, and fome bright drops of filver, 
about the fize of peas, are perceived on it. When this 
happens, which is commonly in about three hours after 
the laft addition of the referved grains, fooner or later, ac- 
cording as the crucible has been more or lefs clofely covered, 
and the matter more or lefs ftirred, the fire muft be imme- 
diately difeontinued ; for otherwife more and more of the 
filver, thus loiing its fulphur, would fubiide and mingle 
with the part at the bottom in which the gold is colIeAed. 
The whole is poured out into an iron mortar greafed and 
duly heated ; or if the quantity is too large to be fafely 
lifted at once, a part is firft laded out from the top witn 
a fmall crucible, and the reft poured into the mortar. The 
gold, diffufed at firft through the whole mafs, is now found 
colleAcd into a part of it at the bottom, amounting only 
to about as much as was referved unfulphurated. This 
art may be feparated from the fulphurated filver above it 
y a chiffel and hammer ; or more perfcAly, the furface of 
the lower mafs being generally rugged and unequal, by 
placing the whole mats with its bottom upwards in a cru- 
cible : the fulphurated part quickly melts, leaving unmelted 
that which contains the gold, which may thus be completely 
feparated from the other. The fulphurated filver is eflayed, 
by keeping a portion of it in fuiion in an open crucible, 
till the fufohur is dilCpated ; and then diffolving it in aqua 
fortis. If it (hould ftill be found to contain any gold, it is 
to be melted again ; as much more unfulphurated filver is 
to be added as was employed in each of the former in- 
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jeAiens, and the fufion continued about an hour and a 
ialf. 

The gold thus colIeAed into a part of the filver may be 
farther concentrated into a fmaller part, by granulating the 
mafs and feparating the whole procefi. The operation may 
be again and again repeated, till fo much of the filver is fe- 
parated, that die remainder may be parted by aqua fortU 
without too much expence. 

The foregoing procefi, according to Mr. Schlutter, U 
praAifed at RammeKberg, in the Lower Hartz. The pre- 
vailing metal in the ore of Rammellberg is lead : the quan- 
tity of lead is at moft forty pounds in a ^intal or hundred 
pounds of the ore. The lead worked off on a left or con- 
cave hearth yields about a hundred and ten grains of filver, 
and the filver contains only a three hundred and eighty- 
fourth part of gold; yet this little quantity of gold, 
amounting fearedy to a third of a grain in a hundred weight 
of the ore, is thus colleAed with profit. The author above 
mentioned conjfines this method of feparation to fuch filver 
as is poor in gold, and reckons parting with aqua fortis 
more advantageous where the gold amounts to above a fixty- 
fourth of the filver : he advifes alfo not to attempt con- 
centrating the gold too far, as a portion of it will always 
be taken up again by the filver. Mr. Scheffer, however, 
relates (in the Swedifti Memoirs for the year 1752), that he 
has by this method brought the gold to perfeA finenefs ; 
and that he has likewife colleAed all the gold which the 
filver contained ; the filver of the laft operations, which had 
taken up a portion of the gold, being referved to be 
worked over again with a frefti quantity of gold-holding 
filver. The fulphurated filver is purified by continuing it 
in fufion for fome time with a large furface expofed to the 
air ; the fulphur gradually exhales, and leaves the filver en- 
tire. Lewis's Comp. Phil. Techn. p. 16 1, kc. See Gold 
and Refining. 

Parting-G/o/^i arc ufed in the operation of parting: 
they have the form of truncated cones, tlie bottom being 
commonly about feven inches wide, the aperture about one 
or two inches wide, and the height about twelve inches. 
Thcfe glafs vcffels ought to have been well annealed, and 
chofen free from flaws ; as one of the chief inconvenien- 
ces attending the operation is, that the glaffes are apt to 
crack by expofufe to cold, and even when touched by the 
hand. Some operators fecure their glafles by a coating. 
For this purpofe they foread a mixture of qiiicK lime flaked 
with beer and whites of eggs upon linen cloth, which they 
wrap round the lower part of the veffel, leaving the upper 
part uncovered, that they may fee the pregrefs of the ope- 
ration ; and over this cloth they apply a compofition of clay 
and hair. Schlutter advifes to put the parting-glaffes in 
copper veflels containing fome water, and fupported by 
trevets, with fire under them. When the heat communi- 
cated by the water is too great, it may be diminifhed by 
adding cold water, which muft be done very carefully by 
pouring againft the Tides of the pan, to prevent too fud- 
den an application of cold to the parting-glafs. The in- 
tention of this contrivance is, that the contents of the 
glaffes, if thcfe (hould break, may be received by the 
copper veffel. Into a glafs fifteen inches high, and ten or 
twelve inches wide at bottom, placed in a copper pan 
twelve inches wide at bottom, fifteen inches wide at top, 
and ten inches high, he ufually put about eighty ounces 
of metal, with twice as much aqua fortis. 
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Pastks, in the Glafs Trade, a fort of compofiiion of the 
glafs kind, made from calcined cryftal, lead, and metallic 
preparations, to imitate the feveral natural gems, Thefe are 
no way inferior to the native Hones, when carefully made 
and well polKhcd, in brightnefs and tranfparcnce, but want 
their hardnefs. 

The general rules to be obfcrved in making them are 
thefe; i. That all the vcflels in which they are made are 
firmly luted, and the lute left to dry before they are put 
into the fire, 2. That fuch velTels arc chofen for the work 


as will bear the tire well. 3, That the powders be prepared 
on a porphyry Hone, not in a metal mortar, whicn would 
communicate a tinge to them. 4. That the juH proportion 
in the quantities of the feveral ingredients be nicely obfervei). 
5. That the materials be all well mixed ; and if not fuffi-* 
ciently baked the firll time, to be committed to the fire 
again, without breaking the pot ; for, if this be not ob- 
ferved , they will be full of bliflers and air-bladders. 6, That 
a fmall vacuity be always left at the top of the pot, to give 
room to the {welling of the ingredients, 

To make a paHe of extreme hardnefs, and capable of all 
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the colours of the gems, with great lullre and beauty, take 
of prepared crylial ten pounds ; fait of polverine, fix pound# ; 
lulphur of lead, two pounds : mix all thefe well together, 
in^o a fine powder ; make the whole, with common water, 
into a hard pafte ; and make of this pafte fmall cakes, of 
about three ounces weight each, with a hole in them, made 
in their piiddle : dry thefe in the fun, and afterwards calcine 
them in the ftraighteft part of a potter’s furnace ; after this 
powder them, and levigate them into a perfeA finenefs on a 
porphyry, and fet this powder in pots in a glafs furnace to 
purify for three days ; then call the whole into water, and 
afterwards return it into the furnace, where let it Hand fif- 
teen days ; in which time all foulncfs and bliflcrs will difap* 
pear, and the pafte will greatly rcfemble the natural jewels. 
To give tins the colour of the emerald, add to it brafs thrice 
calcined ; for a fea-green, brafs fimply calcined to rednefs ; 
for a fapphire, add zaffer, with manganefe ; and for a topaz, 
manganefc and tartar. All the gems are thus imitated in 
pafte, by the famf way of working as the making of the 
coloured glaffes ; and this is fo hard, that they very much 
approach to the natural gems. 

The colours in all the counterfeit gems, made of the fe- 
vcral paftes» may he made deeper or lighter, according to 
the works for which the ttones are defigned ; and it is a ne- 
celfary general rule, that fmall ftoncs for ringp, &c. require 
a deeper colour, and large ones a paler. Befides the colours 
made from mangaiu fc, verdigris, and zafi'er, which are the 
ingredients co nmonly ufed, there are other very fine ones, 
winch care and fkill may prepare ; very fine red may be 
made from gold, and one not much inferior to that from 
iron ; a very fine green from brals or copper, and a ficy- 
colour from filver ; and a much fmer one from the common 
fmall ga'-nets of Bohemia, which are of little value. The 
gems alfo afford glorious colours like their own. 

The fine blue from filver is, pr obably, only from the fmall 
quantity of copper ufed in the all'>y. 

A very fingiilar and excellent way of making the pafte to 
imitate the coloured gems is this : take a quantity of fac* 
charum fatunii, or fugar of lead, made with vinegar in the 
common way ; fet it in fand, in a glafs body well luted from 
the neck downwards; leave the mouth of the glafs open, 
and continue the fire twenty-four hours ; then lake out ilie 
lalt, and if it be not red, but yeilowifii, powder it fine, and 
return it into the veflel, and keep it in the fand-heat twenty- 
four hours more, till it becomes as red as cinnabar. The 
fire mu ft not be made fo ftrong as to melt it, for then all 
the procefs is fpoiled. Pour diftilled vinegar on this cal- 
cined fait, and feparate the folution from the dregs ; let the 
decanted liquor ftand fix days in an earthen veflel, to give 
time for the finer fediment to fubfidc : filter this liquor, and 
evaporate it in a glafs body, and there will remain a moft 
pure fait of lead ; dry this well, then diflblve it in fair wa- 
ter ; let the folution ftand fix days in a glazed pan ; let it 
fubfidc, then filter the clear folution, and evaporate it to a 
yet more pure white and fvvect fait ; repeat this operation 
three times ; put the now perfc6lly pure fait into a glafs 
veflel, fet it in a fand-heat for feveral days, and it will be 
calcined to a fine impalpable powder, of a lively red. This 
i# called the fulphur of lead. Nerds Art of Glafs. 

Take all the ingredients as in the common compofition of 
the paftes of the feveral colours, only inftcad of red lead, ufe 
this powder, and the produce will well reward the trouble of 
the operation, as experience has often proved. 

A pafte proper for receiving colours may be readily made 
by well pounding and mixing fix pounds of white fand, 
cleanied, three pounds of red lead, two pounds of purified 
pearl-afhcs, and one pound of nitre. A fofter pafte may be 
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made, in the fame manner, of fix pounds of white fand 
clean fed ; red lead, and purified pearl-afhes, of each three 
pounds ; one pound of nitre, half a pound of borax, and 
three ounces of arfenic. For common ufe, a pound of com- 
mon fait may be fubftituted for the borax. This glafs will 
be very foft, and will not bear much wear, if employed for 
rings, buckles, or fuch imitations of ftoiies, as are expofed 
to much rubbing ; but for ear-rings, ornaments worn on 
the bread, and thofe little ufed, it may la ft a confiderable 
time. 

In order to give pafte different colours, the procefs is as 
follows*. 

Paste refemhUng amethyjl, — Take ten pounds of either of 
the compofitions defcribccl under Colouring of Glass ; one 
ounce and a half of maneanefe, and one dram of zaffer; 
powder and fufe them together. See Amethyst. 

Paste perftSly black. — Take ten pounds of either of the 
compofitions juft referred to, one ounce of zaffer, fix drams 
of manganefe, and five drams of iron, highly calcined ; and 
proceed as before. 

Paste, Blue. — Take of the fame compofition ten pounds ; 
of zaffer, fix drams ; and of manganefe, two drams ; and 
proceed as with the foregoing. 

Paste refemhling the chryfoUte — Take of either of the com- 
pofitions for pafte above deferihed, prepared without fait* 
petre, ten poundr, and of calcined iron five drams ; and 
purfue the fame proeefs as with the reft. See Chrysolite. 

Paste refemhling the red cornelian. — Take of the (‘om- 
pofitions mentioned under Colouring of Glass, two pounds ; 
of g.afs of antimony, one pound ; of the calcined vitriol, 
called fcarlet ochre, two ounces ; and of manganefe, one 
dram. Fufe the glafs of antimony and manganefe with the 
compofition ; then powder tliem, and mix them with the 
other, by grinding them together, and fufe them with a 
gentle heat. 

Paste refemhling white cornelian. — Take of the compoli- 
tion juft referred to, two pounds ; and of yellow ochre, 
well wafhed, two drams ; and of calcined bones, one ounce. 
Mix them and fufe them with a gentle heat. 

Paste refemhling the diamond. — Take of the white fand, 
fix pounds ; of red lead, four pounds ; of pcarl-afties, puri- 
fied, three pounds ; of nitre, two pounds ; of arfenic, five 
ounces ; and of manganefc one fcruple. Powder and fufe 
them. 

Paste refemhling the eagle-marine. — Take ten pounds of the 
compofition under Glass ; three ounces of copper, highly 
calcined with fulphur ; and one fcruple of zaffer. Proceed 
as before. 

Paste like emerald. — Take of the fame compofition with 
the laft, nine pounds ; three ounces of copper, precipitated 
from aquafortis, and two drams of precipitated iron. See 
Emerald. 

Paste like garnet. — Take two pounds of the compofition 
under Glass ; two pounds of the glafs of antimony, and two 
drams of manganefe. For vinegar garnet, take of the com- 
pnfition for pafte, deferihed in this article, two pounds ; 
one pound of glafs of antimony, and half an ounce of iron, 
highly calcined ; mix the iron with the uncoloured pafte, 
and fuie them ; then add the glafs of antimony, powdered, 
and continue them in the heat till the whole is incorporated. 
Sec Granitp:. 

Paste, gold^ or full yellow colour. — Take of the com- 
pofition for pafte ten pounds, and one ounce and a half of 
iron ftrongly calcined ; proceeding as with the others. 

Paste, deep purple . — Take of either of the compofitions 
for pafte ten pounds ; of manganefe, one ounce ; and of 
zaffer, half an ounce. 
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Paste, refemUing rirfjf.— Take one pound of either of the 
compofitions for paile, and two drams of calx cajlih or pre- 
cipitation of gold by tin \ powder the pafte, and grind the 
calx of gold with it in a glaf«, flint, or agate mortar, 
and then fufe them together, A cheaper ruby pafle may 
be made with half a pound of either of the above compofitions, 
half a pound of glafs of antimony, and one dram and a half 
of the calx of gold ; proceeding as before. 

Paste refmhling Take of the compofition for 

pafte, ten pounds ; of zaffer, three drama and one fcruple ; 
and of the calx caflii one dram. Powder and fufe them. 
Or the fame may be done, by mixing with the pafte one- 


eighth of its weight of fmalt. See Sapphire. 

Paste like topaz . — Take of the compofition under Glass 
ten pounds, omitting the falt-petre ; and an equal quantity 
of the gold-coloured hard glafs. Powder and fufe them. 
Sec Topaz. 

Paste like turquoife . — Take of the compofition for blue 
pafte, already deferibed, ten pounda ; of calcined bone, 
horn, or ivory, half a pound. Powder and fufe them. 

Paste, opaque white . — Take of the compofition for pafte, 
ten pounds ; and one pound of calcined horn, ivory, or 
bone ; and proceed as before. 

Paste, femi tranj]parent whiie^ like opal. See Opal. 
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PATENTS, or Letters Patent, in Lawy the king’s 
letters, fcalcd with the great feal, ferving to convey the 

title or property of fome grant, favour, privilege of a new 
cilablifhment, or the like. See Letters Patent. 

They have their name from their being delivered open, 
ut pateani omntbut ; by way of cotUraclillindion from letters 
lie cachet^ or litera clanfa^ or clofc rolls, which are lealed. 

Grants or letters patent mull fir ft pafs by bill ; which is 
prepared by the attorney or foliciior general, in confcqiience 
of a warrant from the crown ; and is then ftgned, that is, 
fuperferibed at the top, with the kintr’s own fign manual, 
and lealed with his privy fignet, which is always in the 
cuftody of the principal fccrctary of Hate; aid then fome- 
timee it immediately paflea under the great feal, in which 
cafe the patent ts fubferibed in thefe words, “ per ipfurn rc- 
gem ; by the king himfelf.” Otherwife the courfe is to 
carry an ei^trad of the bill to the keeper of the privy feal, 
who make" out a writ or warrant thereupon to the chancery ; 
fo that the fign manual is the warrant to the privy feal, and 
the privy feal is the warrant to the great feal : and in this 
laft cafe the patent is fubferibed, “ per breve dc privglo 
figillo, by writ of privy feal 

It is to be noted, that patents differ fr >m wTits : a coroner 
is made by wr/V, not by patent. 

To tliis office, enabled i8 .lac. I. belongs a clerk, &c. 

Patent, Letters, under the royal authority, confer on a 
perfon the cxclufive privilege of making and felling any 
thing, fo that no perfon be reft rained in v liat he had before, 
or in ufing his lawful trade. The latter part of the defini- 
tion of letters patent, or of a moncijioly conferred by letters 
patent, will apply only to fuch as have boon granted fince 
the ftatute of the 2 til of James, c. 2, commonly called the 
ftatute of Monopolie.s ; prior to that period, letters patent 
conferred fnch a monopoly as interiered with the rights cf 
other people, and reftridted the freedom of trade. 

Monopoly, in the latter acceptation of the word, has al- 
ready been confidcred under its proper he?d : it exifted in 
this kingdom unreftrained till the time of king John, who 
firft granted municipal franchifes. In the 2^th year of the 
reign of Edward 111 . a ftatute was pafl'*d, whi^^Ii granted 
a free trade equally to forcig* ers and natives ; this Itaiute, 
however, was afterwards repealed ; and monopolies that not 
only excluded foreigners from the advanlagc.s of Englifti 
trade, hut alfo injured the Englifti nation at larger in order 
that the favourites of monarchs might In* rewarded, or that 
the crown might be enriched, were ollabhftied. During the 
reign of queen Elizabeth, they had fpread fo widely over 
the commercial tranfaflions of tlie country, as to threaten 
the utter rum of trade ; when a lift of only part of tlie com- 
modities, which had been apprjopriated to monopolift.?, v/as 
read in the houfe of commons, a member cried, “Is not 
bread in the number V* Bread,’’ faid every one with 
altoniftimem. j “yes, 1 aftfure you,*’ replied he, “if affaiis 


go on at ’^hiti rate, we fti^Jl have bread reduced to a mono- 
poly before next parliament.” At this period, inoft extra- 
ordinary powers were granvd to the prtentees ; efpccia'ly 
to thofc who held the cxclufive privilege of felling fallpclre ; 
they had the power of entenng every lioufc, and of com- 
mitting what havoc they pleafcd in liable-', cellars, or v^here- 
foever they fufpcdlccl lallpctre might be gulhercd. Hume. 

It might have been fuppofed, that fuch a fagacious prin- 
cefs as Elizabeth would have perceived the evil conleqUenccs 
of granting monopolies ; but either the reduced ftatr of the 
royal funds, or her fondnofs for favourites, blinded her to 
the true interefts of her people. Towards the end of her 
'eign, however, ihc clamour of the country was lo loud and 
general, that (he fr.it a meflagt to parliament, that ftic 
would immediately cancel the moll oppreffive of the cxclu- 
five privileges flie had granted. 

Before proceeding to the con fi deration of the ftatute of 
James I. already alluded to, it may be proper very briefly 
lo take a view of the ft itute law, as it refpoftB patents 
prior t'> that period. Monopolies are exprcfsly contrary to 
Magna Cliarla, (29, 30.) The ftatute of Edward 111 . de- 
clared all grants by monopolies void ; and when Philip and 
Mary granted by letters patent, to the mayor, bailiffs, and 
burgefTes of Soiithamp'rn, the exclufivc privilege of im- 
porting Malm fey wine at that place, the judges were una- 
nimous in their opinion, that the ftatute was void, as being 
againll the freedom of trade. The principal ftatuics re- 
lating to patents in the i6lh, and in the beginning of the 
lylh century, were in the 6th of Henry VIII., the 4th of 
Edward VI., and the T^th and 43d of Elizabeth. 

The 2 ill of James I. ch. 3, is regarded as the declara- 
tion ilatutc, by which the law on this fubjc6l is determined,* 
and the 6th fedioii of this ftatute particularly relates to pa- 
tents for new invert ions : tliis fedion contains the exception 
to the general law of the ftaMite ; the general law is, that 
all monopolies, and all commiffions, grants, licences, letters 
patent, t^c. for tlw? foie buying, felling, making, ufing, &c. 
of any thing, fttall be void ; the excepting claufc declares, 
that the law of the ftatute (hall not extend to any letters 
patent, for the term of 14 years or under, granted lo the 
true and firft invenror, or inventors of manufadures, &c. 
which others, at the time of making fucli letters patent, 
(hall not life. Sir Edward Coke, in his explication of this 
ftatute, gives it as his opinion, that the new manufadure, to 
which letters patent may be granted, muft not be generally 
inconvenient ; and this conllrudion feems to have been 
adopted in his time, as he fays, '.hat a patent for a fulling- 
mill to thicken bonnets and caps, was fet afide, on the ground, 
that it was holdcn inconvenient to turn labouring men to idle- 
nefs. But this conftrudion does not prevail now, and, in- 
deed, if it did, it would effedually defeat the objed of the 
lixth fedion of the ftatute of monopolies. 
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In the letters patent which are granted for new inventions, 
the improvements or inventions are firft Hated ; the prayei* of 
the petitioner to have the exclufive benefit for himfelf, or 
his afii^ns, for fourteen years, is next given; and this prayer 
18 declared to be complied with, according to the Itatute. 
After commanding all fubjedU not to interfere with the pa- 
tent right, and ifTuing a mandate to all officers not to moleft 
the patentee in the exercife of it, the letters patent declare 
the patent void, if it appear that the grant is contrary to 
law, or prejudicial to the fubjt*L*t ; or if the thing invented 
have been in ufc before the date of the grant ; or if the pa- 
tentee be not the inventor; or if it interfere with prior letters 
patent ; or if the patent be transferred to more than five 
perfons, or to any who aA as a corporate body ; or finally, 
if the nature of the invention be not defenbed, or the de- 
feription be not enrolled within one calendar month after the 
date of the letters patent. The letters patent conclude with 
a declaration, that they fhall be conflnied in the moft bene- 
ficial fenfe for the patenter. 

A writ oi feire facias t to repeal letters patent, lies in 
three cafes ; lit, when the k'ng grants the fame thing to 
two or more pcrlons ; 2dly, when the king is dece ved in liis 
gra)it ; and 3dly, vsdien the grant is againft law. 'I'he fol- 
lowing rules are laid down by chief juftico Lee, refpedincr 
the cafes in uhich millakc'. do not vitiate the grant: i. If 
the king’s intention is nianifeft, a falfe recital in a thing not 
material, will not vitiate the grant. 2. It is not vitiated m 
cafes where the king is deceived, not by the talfe fuggeffion 
of the oarty, but by his own millake, upon the furmife and * 
information of the party. And 3. Although the king is 
miflttken in point of law, or matter of fadt, if that is not 
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irention, &c., to become acquainted with its nature and 
merits ; and, at the fame time, prevents fuch as are employ- 
ing their /kill, time, and money on improvements, or inven- 
tions of a fimilar nature, from merely doing what has been 
done before. 

With refpcA to the form of the fpecification, it mud be 
under the hand and feal of the inventor ; the enrolment mud 
take place within one calendar month after the date of the 
letters patent ; if the patentee paflos over this time, it cannot 
be enlarged without an adl ot parliament for that exprefs 
purpofe. 

When a patentee brin^js an a£lion againd any perfon for 
infringing hi 8 patent, it is incumbent on him to fhew, that 
the invention was new, and that the fpecification is full and 
complete. 

It 18 frequently for the convenience or intered of a perfon, 
who has invented or improved a njachine, &c. to delay taking 
out a patent for it ; in this cafe, he may enter a caveat, A 
caveat will protedf hi« invention or improvement for the fpace 
of one year, after which, if he have not brought liis con- 
trivance to maturity, he may renew it again for an equal 
period, and fo on for any fucceffive number of years. The 
caveat mud be delivered at the chambers of the attorney and 
folicitor-gencral ; and if an application be made for a patent 
for an invention of the fame nature, notice is given to the 
perfon who has entered the caveat: if he requires it, the 
attorney-general gives a feparatc audience to each of the 
rival inventors, and makes his report to the king, according 
to his opinion refpedfing the priority of invention. A peti- 
tion to the king, dating the nature of the invention, and 
praying letters patent, accompanied by an oath taken before 


part of the confideration of the grant, it will not vitiate 
it. 

Patents for new inventions arc granted for a term of four- 
teen years ; and any royal grant for fuch purpofe beyond 
that term is void. The fourteen years are accounted to 
commence from the date of the fird letters patent. The 
patent right, however, may be extended by of parlia- 
ment. 

A patent may be granted for an improvement on an old 
manufacture ; but the improvement mud be material and 
ufeful ; and the patent extends to the improvement only. 
The datute confiders a manufacture brought from abroad 
into the kingdom (provided it has not been pradtiFed before) 
as a new manufadtiire, and entitled to letters patent. No 
old manufadture in ufe before, can be prohibited by the 
grant of the foie ufe of a new invention ; nor can a patent 
be granted for a method, or principle ; its objedt mud be 
fome fiibdantial thing produced. 

The following rules are laid down by judge Butler, re- 
fpedting the delcription required in the fpecification, which 
by the patent grant, tlie patentee is to caufc to be enrolled 
in the high court of chancery. The invention or improve- 
ment mud be difclofcd, and deferibed in fuch a manner, 
that others of the fame trade may be taught to do the fame 
thing for which the patent is granted : 2. He mull deferibe 
it in fuch a manner, that the public, after the expiration of 
the term, may have the ufe of the invention in as cheap and 
beneficial way as the patentee himfelf ; and therefore, if the 
fpecification deferibes many parts of a machine, &c., and 
the patentee ufes only a few of them, or does not date how 
they are to be put together, the patent is void. 3 . If the 
fpecification be in any p&rt materially falfe or defeCTivc, the 
patent is againd law, and cannot be fupporteo. 

The enrolment of the fpecification in the high court of 
chancery, where it is open to the infpedlion of every one, 
enables thofe who are inclined to purchafe the machine, in- 


a mader in chancery, that the invention is new, are the dep* 
preparatory to taking out a patent. Separate patents mud 
be taken out for England, Scotland, and Ireland ; but in a 
patent for England, the patentee may, on the payment of a 
frnall additional fum, have the colonies and plantations abroad 
included. The petition and oath are referred by the fccre- 
tary of Hate for the home department to the attorney -general, 
and on his report, recommending letters patent, his majedy 
iflues his warrant, in confequence of which the bill is made 
out, which IS the grant of his majedy, and of this the pa- 
tent is the tranfenpt ; the nature of the fpecification, and 
the eniolment of it, have been already noticed. 

Having thus confidered letters patent in a legal light, we 
fhall conclude with a few remarks on them, as a fubjed of 
political economy. It is plain from whai we have dated, 
that they are the remains of that fydem of monopoly, which 
formerly prevailed in this and all the other countries of 
Europe ; and fo far, at firlt fight, they may appear ob- 
jedioiiable. But when we confidcr the objedl for which 
they arc granted, we fhall probably be of opinion, thai it 
takes them completely out of the force of thofe oyeftions, 
which arc fo judly brought againd all monopolies. 

It is evident; that no man will bedow his time, ingenuity, 
and money, in endeavouring to invent or improve any thing, 
pnlcfs, when he has fuccccded, he is fecure in being re- 
warded. This reward can be fecured to him, only by grant- 
ing him, for a certain number of years, the exclufive pri- 
vilege of his invent ion or improvement ; or by government 
purchaling it from him. In the former cafe, while his 
patent right lad. he has a monopoly ; he may put what 
prices on his invention he pleafes ; or he may execute it in a 
carelefs or improper manner ; but, cn the other hand, the 
public will in a great meafure be proteded from too high a 
price, by the alternative they. have, of following the old 
methods ; and if they gain by purchafiog the new inven- 
tion, the price put upon it by the inventor can hardly be 
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faid to be exorbitant. With refped to bis doing his work 
in a carelefg manner, the public are equally guarded againft 
this ; for by fuch conduct, he would a£t againft his own 
intered, and the fale of his invention. 

If, indeed, we could fuppofe that government would 
examine, in all cafes, thoroughly, impartially, and fcienti* 
hcally, into the merits of every invention, it might be better 
for them to throw it open to the public, by rewarding the 
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inventor, though in this cale, the nation at large would pay 
for what diredly and materially benefited only certain clalfet, 
whereas, by letters patent, thofe reward the inventor, whofe 
intereft it is to reward biir. On the whole, therefore, the 
prefent mode is the bed, with perhaps this alteration, that 
the letters patent (hould vary in their duration, according to 
the importance of the invention, and the money and time 
expended by the inventor, 
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PAVEMENT, a layer or ftratum of flone, or other mat- 
ter, ferving to cover and ftrengthen the ground of divers 
places, for the more commodious walking on, or for the paf- 
iage of carriages. 

The word is formed from the Latin pavimentum^ of pa- 
vire, to beat down the earth, in order to make it firm and 
ftrong, 

111 England, the pavements of the grand ftreet*^, See. arc 
ufually of flint or rubble-ftone ; courts, ftables, kitchens, 
halls, churches, jcc. are paved with tiles, brkks flag>, 
or lire-ftonc ; fometimes v/ith a kind of free-ftonc, and rag 
ftoue. 

In fome criis, e. £r of Venice, the ftreet!*S Sec. ar^* 
paved with brick ; churches fometirnes arc paved witl* 
marble, and fometirnes wi‘h mofaic work, liie church 
of St. Mark, at Venice, In France, the public roads, 
ftreets, courts, &c. are paved with gres or grit, a Laid of 
free-ftone. 

In Amflerdam, and the chief cities of Holland, they call 
their brick pavement the lurgher-majleri pavement, to dif- 
tinguifli it from the ftone or flint pavement, which ufually 
takes up the middle of the ftreet, and wdiich ferves for car- 
riages ; the brick which borders it being deftined for the 
paffage of people on foot. 

Pavements of free-ftone, flint, and flags, in ftreets, See. 
are laid dry, i c. in a bed of fand ; thofe of courts, ftables, 
ground-rooms, See. are laid in a mortar of lime and fand ; or 
in lime and cement, cfpecially if there be vaults or cellars un- 
derneath. Some mafous, after laying a floor dry, efpccially 
of brick, foread a thin mortar over it ; fweeping it back- 
wards and forwards to fill up the joints. The leveral kinds 
of pavement are as various as the materials of w'hich they arc 
compofed, and whence they derive the name by which 
they arc diftinguiflied : as, i . PtUlc pavingi which is done 


with ftones collefted from the fea-beacb, moltly brought 
from the iflands of Guernfey and Jerfey ; they are very 
durable, indeed the moft fo of any ftone ufed for this 
purpofe. They are ufed of various fizes, but thofe 
which are from fix to nine inches deep, arc efteemed 
the moft ferviceable. When they are about three inches 
deep they are denominated holders, or bowlers j thefc arc 
ufed for paving court-yards, and other places not accuftomed 
to receive carriages with heavy weights ; when laid in geo- 
metrical figures they have a very pleafing appearance. 

3 . Raf paving was formerly much ufed in London, but is 
very inferior to the pebbles ; it is dug in the vicinity of Maid- 
ftone, in Kent, from whence it has the name of Kentifh rag- 
ftone ; there are fquared ftones of this material for paving 
coach-tracks and footways. 

3. Purheck pitchens ; fquared ftones ufed in footways; 
they are brought from the ifland of Piirbeck, and alfo fre- 
quently ufed in court-yards ; they arc in general from fix to 
ten inches fquare, and about five inches deep. 

4. Squared pavings for diftinftion by fome called Scotch 
pavings becaule the firlt of the kind paved in the manner 
that has been and continues to be paved, came from Scot- 
land ; the firft was a clear clofe ftone, called blue wynn, 
which is now difufed, becaufe it has been found inferior 
to others fince introduced in the order they are hereafter 
placed. 

5. Granite, a hard material, brought alfo from Scotland, 
of a reddifh colour, very fuperior to the blue wynn 
quarry. 

6. Guernfey, which is the beft, and now almoft the only 
ftone in ufe ; it is the fame ftone with the pebble before 
fpoken of, but broken with iron hammers, and fquared to 
any dimenfions required of a prifmoidical figure, fet with its 
fmalleft bafe downwards. The whole of the Foregoing paving 
Ihould be bedded and paved in fmall gravel. 
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7. Purled paving, for footways, is in general got in lar^e 
furfaces, about two inches and a half thick ; the blue fort is 
the harden and the belt of this kind of pavinfir. 

8. Torkjhire paving, is an exceeding good material for the 
fame pure'ofe, and i^^ got of almoft any dimenfions of the fame 
thick.ief's of the Purbeck ; this ftone will not admit the wet 
to pafs through it, no** it affeAed by the froft. 

9. Rye^^ate, or frcpne paving, is ufed for hearths, ftoves, 
ovens, arul Inch p'Htrv. as are liable to great heat,. which does 
not af!*;A»his (toric, if keot dry. 

10. Nt^cncaHle flags, are ftones about two feet fquare, and 
one and ?. or two inches thick ; they anfwer very well 
for paving o ii*- -office s ; they arc fomewliat like the York- 

fhire. , r 

11. Portland paving, with ftone from the ifland of Port- 
land ; thii is fomctunes ornamented with black marble 

dots. . 

12. S'lvcnlland paving, is a black date dug in Leiccfter- 
flilre, and looks well for paving halls, or in parti-coloured 

13. Marble paving, ia moftly variegated with different 
marbles, fometuncs inlaid in mofaic. 

14. Flat brick paving, done with brick laid in fand, 
mortar, or groute, as wlicn liquid lime is poured into the 
joints. 

I J. Brick on edge paving, done with brick laid edgeways 
in the fame manner- 

16. Bricks are alfo laid flat or edgeways in herring- 
bone. 

17. Bricks are alfo fometimes fet endways in fand, mor- 
tar, or groute. 

18. Paving is alfo performed with paving bricks. 

19. With ten-inch tiles. 

20. With foot-tilcs. 

21. With clinkers for ftables and out-offiecs, 

22. With the bones of animals, for gardens, &c. And 

23. Wf have knob-paving, with large gravel-ftoncs for 
porticoes, garden-feats, &c. 

Pavers' work is done by the fquare yard : and the con- 
tent is found by multiplying the length by the breadth. 

Pavements of churches, &c. frequently confift of ftones of 
feveral colours ; chiefly black and white, and of feveral forms, 
but chiefly fquare, and lozenges, artfully difpofed. Indeed, 
there needs no great variety of colours to make a furprifing 
diverfrty of figures and arrangements. M. Truchet, in the 
Memoirti of the Frcrtch Academy, has (hewn by the rules of 
combination, that two fquare ftones, divided diapnally into 
two colours, may be joined together chequerwile fixty-four 
different ways ; which appears furprizing enough ; fince 
two letters, or figures, can only be combined two ways. 

The reafon is, that letters only change their fituation 
with regard to the firll and fccond ; the top and bottom re- 
maining the fame ; but in the arrangement of thefe ftones, 
each admits of four feveral iituations, in each of which the 
other fquare may be changed fixteen times, which gives fixty- 
four combinations. 

Indeed, from a farther examination of thefe fixty-four 
combinatior.n, he found theie were only thirty-two different 
figures ; each figure being repeated twice in the fame fitua- 
tion, though in a different combination ; fo that the two only 
differed from each other by the tranfpofition of the dark and 
light parts. 


PAVEMENT 

The paving of ttreetsis one ot the molt beneficial regula- 
tions of police that have been tranfmitted to us from our an- 
ceftora. Several cities had paved ftreets before the commence- 
ment of the Chriftian era ; neverthelefs thofe which arc at 
prefeot the ornament of Europe, Rome excepted, were def- 

titute of this great advantage till almoft the 1 2th or 13th cen* 
tury. It is probable that thofe people who firft carried on 
the greateft trade, were the firll who paid attention to have 
good ftreets and highw^ays, in order to facilitate that inter- 
coiirfe which is fo ncceffary to keep up the fpint of com- 
merce. Accordingly we are told by Ifidorus (Origin. 1 , xv. 
c. 16 . 1 that the Carthaginians had the firft paved ftreets, and 
that their example was loon copied by the Romans. Lung 
before that period, however, Semiramis paved highways, as 
appears by the vain-glonoiis infeription which (he herfelf 
caufed to be put up. (Strabo, I. xvi. Diod. Sicul. 1 . ii. 
v. 13. Polyaeni Stratagem. 1 . viii. c. 26.) The ftreets of 
Thebes, and probably thofe of Jerufalem, were paved. 
But neither the ftreets of Rome, nor the roads around it, 
were paved during the time of its kings. In the year 188, 
after the abolition of the monarcliical form of government, 
Appius Claudius, being then cenfor, conltrufted the firft 
real highway, called after him the Appian way, and on account 
ol its excellence, the queen of roads. The time when the 
ftreets were firll paved cannot be prccifcly afeertained ; feme 
have referred this improvement to the year 578, after the 
building of tha city ; others to 584 ; and others to 459 ; 
at which feveral periods fomc parts of the city and fiiburbs 
might liavc been paved. That ftreets paved with lava, having 
deep ruts made by the wheels of carriages, and raifed banks 
on each fide, for the accommodation of foot-paffengers, were 
found both at Herculaneum and Pompeii, is well known. 

Of modern cities, the oldeft pavement is commonly 
aferibed to that of Paris ; but it is certain that Cordova in 
Spain was paved fo early as the middle of the 9th century, or 
about the year 8jo. The capital of France was not paved 
in the 12th century, but the orders for this purpofe were 
iffued by the government in the year 1184, on u hicli occafion 
it is faid that the name of Lutetia, deduced from its dirtiiiefs, 
was changed into that of Paris. Neverthelefs, in the year 
1641, the ftreets in many quarters of Paris were not paved. 
That the ftreets of London were not paved at the end of the 
lUh century, is afferted by all hiftonans. It does not ap- 
pear when paving was firll introduced ; but it was gradually 
extended as trade and opulence increafed. Several of the 
principal llreett*, fuch as Holborn, which are at prefent in the 
middle of the city, were paved for the firft time by royal 
command in the year 1417 ; others were paved under 
Henry VII L, fome in the fuburbs in 1 544, others m 
1571 and 1605', and the great market of Smithfield, in 
1614. 

Pavement 0/ Terrace, is that which ferves for covering 
in manner of a platform ; whether it be over a vault or a 
wooden floor. 

Thofe oyer vaults are iifuaily ftones fquared, and bedded 
in lead. Thofe on wood, called by the Latins pavimentacon- 
tignata, are either ftones with beds for bridges, tiles for ciel- 
ing of rooms, or lays of mortar made of cement and lime, 
with flints or bricks laid flat: as is. Hill praftifed by the 
eaitern and I’outhern people a-top of their houfes. 

All thofe pavements which lie open were called by the 
\4nX\mpavimenta fubdialia* 



Pearl-ash 


PearL-^, Tn Chemjlry^ Arts^ and ManufaBures. The 
crude potafh, when firft obtained by the combullioii of vcgc- 
table matter, abouiida with a great variety of impurities, 
confiding of neutral falts, fulphur, charcoal, and fome earthy 
matter. 

When this fubfiance is waihcd with clean water, and the 
infoluble matter allowed to fubfide, the clear liquor is eva- 
porated in large fiiallow iron pans. The reliduum confids 
of potafh properly fo called, dill containing fome neutral 
falts, but free from its other impurities. It is a mafs of a white 
colour, from which it is called pearl-afii. In this date it 
is ufed by bleachers, glafs-makers, dyerr, and others. 
The real potafh it contains, for which it is valued, is com- 
bined with carbonic acid in the proportion of 19 <^f acid to 
4Z potaih. The remainder confids of fnlphat and munat 
of potafii. See Carbonat of Potafh. _ 

The goodnefs of pearl-afhcs mud be diflinguilhed by the 
uniform and white appearance of them : they arc fubje^, 
however, to a common adulteration, not eafily didhiguim- 
able by the appearance, which is dene by the addition of 
common fait. In order to difeover this fraud, take a fmall 
quantity of the fufpeded fait, and after it has been foftened 
by lying in the air, put it over the fne in a rtiovcl : if it 
contains any common fait, a crackling and kind of lligiit 
cxplofion will take place, as llie fait grows hot. 

The pearl-aflies are much ufed in the manufaaure 01 gld*s, 
and require no preparation; except where very great iranf- 
parency is required, as in the cafe of looking-glai^s, and 
the bed window-glafs. For this purpofe diliolvc them in 
four times their weight of boiling water ; w'hen they are 
diffolved, let the folution be put into a clean tub, and lut- 
fered to remain there twenty-four hours, or longer. Let 
the clear part of the fluid be then decanted off from the 
fcdimeni, and put back into the iron pot m which the lolu- 
tion was made: in this let the water be 
tUl the falts be left perfeaiy dry again. Keep 
are not defigned for immediate ufe in done jars, well fecurc 
from moidure and air. 

To thofe who buy large quantities of this article, u ma> 
not be unufeful to know the means of «• ^eigh 

100 grains of it before it has been expoled to the aw , then 


lay out a known weight of fulphuric acid, of the fpecific 
gravity of i.8, or fuch as boils at the temperature of 460*^’. 
Diflblve the pearl afli in its own weight of dillilled w^ater. 
With a fmall fucking tube add fulphuric acid by a fmall 
portion at once, till no more effervcfccnce takes place. The 
weight of the remainder of the fulphuric acid will fhew 
how much has been added to the folution. Then for every 
grain of fulphuric acid of the above drength taken up, 
allow .82 of a grain of pure potafh. Thus, if joo grains 
of the pcarl-afli take up 40 grains of fulphuric acid, of 
the fpccific gravity i.B, the pure potafh contained in the 
100 will be :{2.8 grains. Sec Potash. 

Pea RL-.£> ar/(py. (See Barley.) This affords, to a mi- 
crofcopic obferver, a peculiar kind of mite worthy of atten- 
tion, and very different from the common fpecics. The 
bodies of thefe have fome brown marks upon them, and 
have not fuch long hairs as the common mites have ; the 
hinder part of the body alfo is of a different make. They 
have eight legs ; and before the head there dand two wea- 
pons twice thick as the legs, and of about half their 
length ; thefe are divided towards their ends wdth Joints 
like fingers, and thofe have at their ends a fort of nails 
formed with fharp and crooked claws ; and one of the longed 
joints is ferrated at the cd,ie like a faw. Thefe weapons 
ferve not only as arms and hands to feize hold of things, 
but they alfo ferve as a defence ; for as foon as any danger 
threatens the creature's head, it cre6ts them both, and makes 
them meet and fold into one another over the head, as we 
can join our hands and fingers together in the fame creft 
podurc. Phil. Tranf. No. 222. 

Pearl Colour ^ in Glafs, This beautiful colour is given 
to ^lafs in the following manner : put tartar calcined to a 
wlutcnefs into purified crydal, while in fufioii, at icveral 
times, in fmall quantities, mixing it well every time, till the 
glafs is become of the defired colour ; and w'hen it is, work 
u as quick as can be, for it is a colour that is quickly gone. 
See Glass. 

Pearl Shell or Gaper^ See Mya. 

Pearl, Pin, or Web, in Medicine, an unnatural fpeck, or 
thick film over the eye. See Pannus. 



Perambulator 


PERAMBULATOR, in Survemg^ an inftrumcnt for 
the meafuring of diftancca j called alio pedometer^ 
and furveying^whed. 

Its advantages are its handinefs and expedition : its con- 
trivance is fuch, that it may be fitted to the wheel of a 
coach; in which ftatc it performs its office, and racafuret 
the road without any trouble at all. 

There is fome difference in its make ; that now moft ufual, 
and moft convenient, is as follows. 

PERAMTJUtATOR, Or Way-mfer^ (onfiruSm of the. The 
perambulator (reprefented Plate WL ourveyinf^jig. 9.) con- 
fifta of a wheel two feet feven inches and a half in diameter \ 
confequently half a pole, or eight feet and three inches in cir- 
cumference. On one end of the axis is a nut, three quarters 
of an inch in diameter, divided into eight teeth, which, upon 
moving the wheel round, fall into the eight teeth of another 
nut fixed on one end of an iron Q, and thus turn 
the rod once round, in the time the wheel makes one revo* 
lution. This rod lying along a ^oove, in the fide of a car- 
riage of the inftrument) has at its other end a fquare holci 
into which fits the end b of the little cylinder P. This cy- 
linder is difpofed under the dial-plate of a movement, at 
the end of the carriage B, in fuen manner as to be move- 
able about its axis. Its end a is cut into a perpetual ferew t 
which falling into the thirty-two teeth of a wheel perpendi- 
cular to it, upon driving the inftrumcnt forward, tnat wheel 
makes a revolution, each fixteen poles. On the axil of 
this wheel is a pinion with fix teeth, which, fidling into 
the teeth of another wheel of fixty teeth, carries it round 
every hundred and fixtieth pole, or half a mile. 


This laft wheel then carrying a hand or index round with 
it, over the divifions of the dial-plate, whofe outer limb 
is divided into one hundred and fixty parts, correfponding 
to the one hundred and fixty poles points out the number 
of poles pafled over. Again, on the axis of this lall wheel 
is a pinion containing twenty teeth, which, falling into the 
teeth of a third wheel, that has forty teeth, drives it once 
round in three hundred and twenty poles, or a mile. On 
the axis of this wheel is a pinion of twelve teeth, which, 
falling into the teeth of a fourth wheel, that has feventy- 
two teeth, drives it once round in twelve miles, 

This fourth wheel carrying another index over the inner 
limb of the dial-pIate, divided into twelve, for miles, and 
each mile fnbdivided into halves, quarters, and furlongs, 
ferves to regiftcr the revolutions of the other hand, and to 
keep account of the half-miles and miles pafled over, as far 
as twelve miles. 

Perambulator, or IVay^wtfer, ufe of the. The applica- 
tion of this inftrumcnt is obvious from its conftruftion. Its 
proper office is in the furveying of roads, and large dif- 
tances, where a great deal of expedition, and not much ac- 
curacy, is required. It is evident, that driving it along, 
and obferving the hands, has the fame effed as dragging 
the chain, and taking account of the chains and links. See 
Chain, 

Long diftances, fays major RennelK may be accurately 
meafured by a perambulator ; and he fays, that during the 
Bengal furvey, he meafured a meridian line of three degrees 
with this inftrumcnt $ and found it to agree minutely with 
the obfervations of latitude. An allowance, however, was 
made for the irregularities of the ground, whenever they 
occurred. 



Petrol 


PE l’ROL, or Petroleum, in Chemi/lry^ a fluid fub- 
llance, refembling in a high degree the eflential oils from 
vegetables. It is of a brownifli -yellow colour, of a peculiar 
odour. Its fpecilic gravity varies from .73 to .878. When 
expofed to a gentle heat for diflillation, the fluid which comes 
over has lefs colour, is much thinner, and has more fmell. 
In this flat(> it is called naphtha. It bums with a white 
flame, and is employed in the vicinity of the Cafpian fea for 
lamps. The earths in thefe parts are fometimes fo faturated 
witn it as to be rendered inflammable. 

When it is expofed to the air, even that obtained by; dif- 
tillation, it becomes thick and highly coloured, and puts on 
the form of bitumen. This no doubt is occifioned by the 
gradual diminution of its hydrogen, by the oxygen of the 
atmofjphere. 

It is foluble in alcohol and ether, and combines with 
the fixed and volatile oils. It is hence ufed to diflblve re- 
finoua bodies and bitumen, and might, in many cafes, anfwer 
the purpofes of oil of turpentine. 

It is found in different ftates. According as it has had 
accefs to the air, it will thicken and become of a darker 
colour. See Naphtha and Bitumen. 

The more fluid petrolea, fays Dr. Lewis, have been dif- 
tinguifhed by the name of naphtha ; and the thicker by thofe 
of p^aJjpheJthum and piffeUum* 

Wele, according to all appearance, muft be the work 
of fubterraneous fares, which raife or fublime tht more 
fubtile parts of certain bituminous matters that lie in their 
way. 


Thefe parts, being condenfed into a liquor by the cold 
of the vaults of rocks, are there colleAed, and ooze tlienc^ 
through clefts and apertures, with whicli the difpofition of 
the ground furnifhes them. 

Petrol, then, is a liquid bitumen, only differing by its 
liquidity from other bitumens, as afphaltum, jet, amber, 
and the like fub fiances. 

The naphtha, which is either a Liquid, or at leaft a very 
foft bitumen, is nearly allied to petrol. 

Hitherto there has been little petrol found, except in Iiot 
countries. Olearius fays, he faw above thirty fprings of it 
near Scamachia, in Perfia. ( See Persia. ) There are alfo 
petrols in the fouthern provinces of France ; but the beft 
are thofe in the duchy of Modena, firft difeovered by 
Ariofto, a phyfician, in 1 6^, in a very barren valley, twelve 
leagues from the city of Modena. 

Three canals are there dug with great expence in the 
rock ^ by which three different kinds of petrol arc dif« 
charged into little bafons or refervoirs ; the firft, as white, 
clear, and fluid as water, of a brilk penetrating fmell, and 
not difagreeable 5 the fecond of a bright yellow, lefs fluid, 
and of a lefs brifk fmell than, the white ; the third of a 
blackifh red, of thicker confiftence, and a fmell more ap- 
proaching that of bitumen. 

I'herc are many varieties ol tfaele oils in regard to colour, 
fluidity, fubtility, and the pungency of their fmell, and 
tafte ; the moft fluid are, in general, the moft fubtile and 
pungent. With us they are commonly fophifticated. 
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Mr. Boulduc made feveral experiments with the petro. 
Icum of Modena, an account of which he gave to the Paris 
Academy. 

It eafily took fire on being brought near a candle, and 
that without immediately touching the flame ; and when 
heated in any vefl'el, it will attradt the flame of a candle, 
though placed at a great licight above the veflel, and the 
vapour it fends up taking fire, the flame will be communi- 
cated to tlie vcllel of heated liquor, and the whole will be 
confumed. It burns in tlie water, and when mixed with 
any liquor, fwims on tlie furface ot it, even of the highell 
retilified fpirit of wine, which is one-feventh heavier than 
pure pctroleiun. It readily mixes with all the eflential oils 
of vegetables, as oil of lavender, turpentine, and the rell, 
and lecins very much of their nature : nor is this very 
ftrange, lince the alliance between thefe bodies is probably 
nearer than is imagined, as the eflential oils of vegetables 
may have been orignially mineral ones, and drawn up out of 
the earth into the velfels of the plant. 

Petroleum, when fliaken, yields a few bubbles ; but they 
fooner fublidc than in almoll any other liquor, and the 
liquor refumes its clear Hate again almoll immediately. 
This feems owing to the air in this fluid being very equally 
dillributed in all its parts, and the liquor being compofed of 
particles very evenly and nicely arranged. 

The extenfibility of this oil is alfo amazing. A drop of 
it will fpread over feveral feet of water, and in this con- 
dition it gives a great variety of colours, that is, the feveral 
parts of which this thin film is compofed, a£l as fo many 
prifms. 

The mod fevere froft never congeals petroleum into ice, 
and paper wetted with it becomes tranfparent, as when 
wetted with oil ; but it does not continue fo, the paper 
becoming opaque again in a few minutes, as the oil dries 
away. 

Spirit of wine, which is the great dilfolvent of fulphur, 
has no effett upon petroleum, not even with ever fo long a 
digelhon. It will not take fire with the dcphlegmated 
acid fpirits, as oil of cloves and other of the vegetable 
eflential oils do : and in dillillation, either by balneum 
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Mariae, or in fand, it will neither yield phlegm nor acid 
fpirit ; but the oil itfelf rifes in its own form, leaving in 
the retort only a little matter, thick as honey, and of a 
brownifli colour. Whoever, therefore, would ufe thia oil 
in medicine, mull take it as nature has prepared it, art 
having no power to make any alteration in it. Mem. Acad. 
Paris, 1715. 

It is remarkable, that all the petroleum got from the 
lake of mount Ciaro in Italy is white, whereas that of Mo- 
dena is yellow, and that of Parma brown. Thefe wells or 
holes continue to furnifli the oil in different quantities for a 
confiderable time, and, when they will yield no more, they 
pierce the Hates in fome other place. Mem. Acad. Scienc. 
Par. 1736. 

The petroleum wells of the Birman empire, fituated about 
five miles E. of Yaywangheoum, or Petroleum creek, on the 
Irrawaddy, fupply the whole empire, and many parts of 
India, with this ufefnl product. The mouth of the creek, 
when captain Symes vifited it, was crowded with large 
boats, waiting to receive a lading of oil ; and immenfe py- 
ramids of earthen jars were railed within and round the 
village, difpofed 111 the fame manner as (hot and fhells are 
piled 111 an arfenal. '^Phis place is inhabited only by potters, 
who carry on anextenfive maimfadtory : the imeil of the 
oil is faid to have been extremely offenfive. (Symes’s Em- 
bafly to Ava, vol. ii. ) Of the wells in this diltrift there 
arc faid to be 520, which yield, annually, more than 
400,000 hogflieads of petroleum. 

Petroleum Barhadenfcy Barbadocs a fpecies of /;/- 
tumcHf for an account of which, fee Bril' men. Petro- 
leum is a lliimilating antifpafmodic and fudorific ; and as 
fuch it has been given in allhma and couglis, unattended 
w'ith inflammation, but it is chiefly ufed for^ external pur- 
poles, as a flimulant in difeafes oi the hip-joint, rheuma- 
tic, and other chronic pains, chilblains, and to paralytic 
limbs, applied by fridioii. It is, however, fcarcely ever 
employed in either way, and on this account is not often to 
be procured in the fliops. The dofe of petroleum may be 
from rqx to f^jfs, in any convenient vehicle, lathe Well 
Indies the Barbadoes tar is ufed both as an internal remedy 
and an external ajifilication, in the fame cafts. 



Phosgene gas 


PHOSGENE Gas, in Chemiftry^ a fpencs of gas lately 
difcovered by Mr. John Davy, in his efforts to unite toge- 
ther the carljoni': oxyd and the oxymuriatic gafes. Some 
unfuccefsful attempts had been made for this purpofe by 
Melfrs. Gay-Lufiac and Thcnard, and afterwards by Mr, 
Murray of Edinburgh. Mr. Davy accompliffied this ob- 
jert apparently without any difficulty. The gafes were put 
in contadl and expofed to a bright light for a quarter of an 
hour; when the mixture was dimini/ned to half its original 
bulk, and a gas was left, which poffclTt'd fcveral remarkable 
properties. It is compofed of equal %^olumcs of chlorine 
and carbonic oxyd gafes, condenfed into half their bulk. 


It is colourlefs ; and has a llrong difagreeablc fmell. Its, 
fpecific gravity ia 3.669; and, ibo cubic inches, under a 
mean temperature and prefTure, weigh 111.91 grains; hence 
it is by far the heavieff gas at prefent known. It reddeni 
vegetable blues. It combines with ammonia, condenfing 
four times its bulk of that gaii, and forming a peculi^ 
neutral fait. Pliofgene gas is derompofed by water, and 
by moft metallic bodies. U is an acid of a very peculiar 
nature, and deferves a much more complete examinatioa. 
As this gas has been hitherto produced only by the action 
oi light, Mr. Davy propofeii to name it ** phofetenc.’* 
Phil. Tranf. for 1812, parti. 



Phosphorus 


PHOSPHORUS, <Po'cr^opo{, formed from lights and 
I hear^ a matter, which fliincs, or even burns, fpon- 
taneoufly, and without the application of any feniiblc 
fire. 

Phofphori are either natural^ or art'tJiciaL 

Piichsmoiii, Nat\raU are matters wliich become lumi- 
nous at certain times, without the afliftance of any art or 
preparation. 

Such are the glow-worms, frequent in our colder coun- 
tries ; lantern-fiies, and other fiiining infe£ls, in hot coun- 
tries; rqtten wood ; the eyes, blood, fcales, flefh, fweat, 
feathers, &c. of fevcral animals ; diamonds, when rubbed 
after a certain manner, or after having been expofed to the 


fun or light ; fugar and fulpliur, when pounded in a dark 
place ; fea-water, and fome mineral waters, when brifkly 
agitated ; a cat’s or horfe’s back, duly rubbed with the 
hand, &c. in the dark ; nay, Br. Croon telli uS, that 
upon rubbing his own body brilkly with a wcll-warmcd 
fiiirt, he has frequently made both to (hine ; and Dr. 
Sloane adds, that he knew a gentleman of Brifiol, and his 
fon, both whofe ilockings (hone much after walking. 

All natural phofphori have this in common, that they do 
not ftiinc always ; and that they never give any heat. 

The natural phofphori are either foflile, vegetable, or 
animaU 
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The foflile are, though very different in degree, fotnc 
forts of earths, white fand, limeftones, ftala6tite8, and fe- 
vcral other figured ftones, ifland cryftals, flints, fomc fpecies 
of agates, white arfenic ; but no fort of metals, metallic or 
fulphurcous bodies, as jet, amber, except the beforc-men- 
tioned arfenic. 

On the other hand, falts imbibe light, provide d they are 
divefted of every metallic principle ; otherwilo not, though 
as pellucid as poflible. For this reafon none of the vi- 
triols will imbibe light ; but other falts will though with 
a confiderable difference as to quantity ; for fal grm and 
rock fait imbibe very little ; fea fait, if dry, and in cryf- 
tals, much more ; and, in like manner, fal ammoniac, fal 
catharticum, and nitre yet more. This power is weak in 
the natron of the ancients, and alum ; but brighteft of all 
jn borax. 

In the vegetable kingdom we find very few pliofphori ; 
that of dry rotten wood is weak and not lalling ; it ap- 
pears chiefly upon the edges and inequalities of the furface. 
But this is moll remarkable in the rotten wood of the fir- 
tree, and fome others, where, in the dark, you fee fhining 
fpots as big as tares ; whereas in full light the whole fur- 
face appears alike. Some few bars are luminous, but not 
confiderably fo ; but no fruits, feeds, or their meals. Cot- 
ton, and the cfyllals of tartar, appear very bright, but line 
loaf-fttgar appears the moll luminous of all both without 
and within ; gums and refins retain no light. 

There is a vail variety of phofphori in the animal king- 
dom, fuch as the bones and teeth ; to thefe may be added 
the fhclls of lirti, egg-fhells, the human calculus, bezoar, 
and thofe parts of animals in which tlie terrellrial principle 
is very predominant. But where there is a eoaliderable 
quantity of oily matter, as in the hoofs, horns, and feathers, 
no light is manifell, or at leall in a fmall degree. Light is 
villbly retained by tJie llcins of feveral living animals. Water 
cannot be made to imbibe light, though ice does exceedingly 
well, and cfpecially fnow. 

Beccarius propofes fome queries concerning the natural 
phofphori, of which the firll is, in what and now great a 
light the objedl ought to be placed ? He tried different 
phofphori, in different degrees of light, and found them 
imbibe molt light from the fun itfell; next in quantity 
when the {l<y was clear ; and the leall in foggy weather. 
Thefe experiments fliould be made in the open air, and not 
in a lioufc witli the glaia-wiiidows flint ; becaufe many 
bodies appear luminous when the light has come directly 
to them, which will not have that appearance when tlie light 
has palled through the glafs. He lullly tried what light 
they would imbibe from very bright flame, and found that 
alaballer itfelf, which is faturated more than any fubllance 
by the fun's rays, imbibed exceedingly little. The next 
query is, how long thefe bodies fliould remain in the light 
to be fufHciently faturated ? Four or five fecoiids were 
found the utmoll length of time required for that purpofe. 
The other query is, how long the received light will con- 
tinue in thefe phofphori ? ft does not laft the fame time in 
all ; but coiitiniies more or it*fs, from two feconds to eight, 
in proportion to the llrength of thi phofplioriis, and the 
quantity of light received. 

But that wnicii, of aU natural phofphori, has occa.Moned 
the gre at oil fpcculation, is the 

Barometrical^ or Mercuriah M. Picard 
firff obferved, that the mercury of his barometer, when 
ffiakcn in a chirk place, emitted light; with this circum- 
ilancc, that in lhaking the mercury with rapidity, fometm-irs 
above, and foinetimcs below its equilibrium with the air, 
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the light was only feen when below it, where it appeared af 
if adhering to the upper furface. 

But this light is not found in the mercury of all barome- 
ters ; which occafions a great difficulty, 

M. Bernouilli, upon examining the circumftanccs of thi«> 
phenomenon, invented a folutioii of the fame ; he ima- 
gines, that upon the mercury’s defeending, the vacuum 
in the tube increaling, there iffues out of the mercury to 
fill up this cxcefs of vacuity, a very fipe fubtilc matter, 
before difperfed throughout the pores of this mineral ; and 
tliat, at the fame time, there enters through the pores of the 
tube another fnie matter; thus, the lirfl mattir emitted from 
the mercury, and collec^ted o\er its furface, linking impe- 
tuoufly againll that received from without, has the f .me 
effed with Dcfcarles’ lirfl dement againll the fecund; that 
is, it produces the motion of light. 

But why, then, is not the jiheiiomenon common to all ba- 
rometers ? To tins lie aiifwers, that tlic motion of tlie 
fubtilc matter out of tht‘ mercury may be weakened, and 
prevented, by any lieterogeneous matter colleded on its 
upper furface, into a kind of pellicle, fo that the light 
fliould never appear, but when tlie merc ury is perfedlv pure. 
This rcafoning feemed coniirmed from the experiments of 
feveral barometers, which he made according to this plan ; 
but the Royal Academy of Sciences, ri peating experi- 
ments with barometers made aftiT the fame manner, did not 
meet with the fame fuccefs ; the light being found in fome, 
hut not in others. 

M. Homberg, therefore, c()nji‘dL;recl, that the difference 
conlilled in the different qualities of the quicklilvcr; in fome, 
he obferved, they iifed quick-lime to purify it ; in others, 
flecl-rilings. 'J^he mercury, then, rifing in the dilUllation, 
and palling through the lime, might take away fome parts 
thereof, capable, by their extreme fmallnefs, of lodging in 
its interllices. 

Hence, as quick-limc always retains fome fiery particles, 
it is poflibU', in a place void of air, where they fvvim at 
liberty they may produce this lullre. 

Mr. Ilaukfbce has feveral experiments on the mercurial 
phofphorus. Paffnig air forcibly through the body of quick- 
lilver, placed in an exhaulled receiver, the parts were vio- 
lently driven againll the lide of the rcceiier, and gave all 
round the aiipearance of lire ; continuing thus till the re- 
ceiver was lijlf-full again of air. 

From other experiim nts he found, that though the appear- 
ance of light was not producible by agitating tlie mercury 
in the fame manner in the common air, yet tliat a very line 
medium, nearly approaching to a vacuum, w'as not at all nc- 
cclfary. 

And, laflly, from other experiments he found, that mer- 
cury inclofed in water, wdiich communicated with the open 
air, by a violent lhaking of the vellel \vh('rcin it was in- 
clofed, emitted particles of light in great plenty, like little 
liars. 

By including the vcflel of mercury, &c. in a receiver, 
and ex hail fling the air, the phenomenon was changed ; 
;uid, upon lhaking the veffel, inllcad of fparks of light, 
the whole mafs appeared one continued circle of light. 
Farther, if mcreury be inclofed in a glafs tube, oofe 
flopped, that tube is found, on being rubbed, to give much 
more light, than when it had no mercury in it. When 
this tube has been rubbed, after railing fucceflively its ex- 
tremities, that the mercury might flow from one end to 
the other, one fe^s a light creeping in a ferpentine manner 
all along the tube ; that is to fay, the mercury is all lumiv 
nous. The mercury, being made to run along the tub<r 



^rterwHrds without ruijbing it, wub tound to emit fome 
hchi, though much lefs than before : this proves that the 
h idion of the mercury againR the glafs, in running along, 
ijoes in iome meafure clcdrify the glafs, as the rubbing it 
xvith the hand docs, only in a much lefs degree. This is 
;nore plainly proved by hying fome very light down near 
the tube, fi>r this will be attraded by the cledneity railed 
by the running of the mercury, and will rife to that part of 
the glafs along which the mercury runs ; and it is very plain 
from this, that what has been long known in the world 
under the name of tlie phofphonis of the barometer is not a 
phofphoriis, but merely a light railed by eledricily, the 
mercury eledrifying the tube. Phil. Pranl. N 4^+* 
Electricity and MEKmiv. 

PiiosPHOiti, ylrti/iciit/^ are fuch as o\^e llieir luminous qua- 
lity to fome art or preparation. 

Phofphori are, it is well known, often product'd by art ; 
fome are made by the maceration of plants alone, and with- 
out any fire ; fuch as thread, linen cloth, but above all 
paper. The luminous appearance of this lull, which is 
now known to be an electrical phenomenon, is greatly in- 
creafed by heat. This is confirmed by two experiments ; 
the firll; is, by expofnig the paper, fpread upon an iron 
grate, to the naked hre, yet not near enough to rclcorch it, 
and then laying a warm brick thereon to retain the heat ; 
by which means it was obferved, that wher<‘ the paper was 
not fereened by tlic iron grate, it was moll luminous ; fo 
that by the light? nriJ lhades you might dillinguidi in the 
dark the image of the iron grate a confiderahle time. 
The other experiment is, the application of the paper to 
a plate of warm brafs ; from which, wln'ii in the dark, you 
might very eafily, by its being lefs luminous, dillingiiini 
tlie margin of the paper that had not been wanned by the 
brafs. 

However Beccarius, though he acknowledges that paper, 
after having been made red-hot and cooled again, is an ex- 
cellent phofphonis, found, that it was much injured by 
being expofed to the hglit of the fun. He made experiments 
to the fame piirpofe with a great variety of fiibllances, mi- 
neral, vegetable, a.id animal ; and obf erved, that the cffcCls 
xv^re the fame, and that the Ilrongcr the light was, and the 
longer thi y were expofed to it, tlie more injury they re- 
ceived : and he found alfo, that the injury they received was 
lalling. 

The fame author takes notice alfo of thole pholphori 
which become fo by the aflillance of lire ; but the fire here 
fpoken of is not great enough to diflolve their coiiiUtucnt 
parts, but only Inch as may affei^t the external parts of 
their texture, and that but gently ; fo that the procefs 
here mentioned is only drying or roalling. For it is mn 
the watery or the faline parts in bodies which are torrified, 
but the oleaginous, with which many vegetables, and moll 
animals abound. The white flelli of animals, fuch as tliat 
of chickens, become a phofphorus- by roalling, as well ns 
the tendons ; and whatever parts of animals become gluti- 
nous by boiling, fuch as carpenters' glue, ifiiiglafs, S:c. 
to thefe may be added cheefe. Bones, though tliey imbibe 
light Without any preparation, have that property in a miicli 
greater degree when burnt, and their luminous appearance 
is much more lively. But roalling has not tins effed 
upon feathers, hoofs, horns, and only in a fmall degree on 
whites of eggs, though the yolk when dry eafily became a 
phofphorus. 

The fame operation which produces feveral phofphori 
from the animal kingdom, gives alfo fcvcral from the ve- 
getable. Thus, by gently roalling gums, as myrrh, gum 
Uagacanth, and others, they appear bimiuous, though dif- 
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ferent in degrees ; and this light is clear in proportion to 
the gentle evaporation of the aqueous parts. By this 
treatment nuts of every kind, puUe, corn, coffee-berries, 
meal, bread, and wafers, alfor become phofphori. Tur- 
pentine, amber, and fome refins, require more fire before 
they imbibe light ; fo that you mull divcll them of iheii 
acid, and their light etherial oil, to make them appear lu- 
minous. But here great care muR be taken that they boil 
no longer than from being white they turn yellow ; lor, if 
you proceed longer, your labour is loR. Thofe phofjihori 
produced by torrefadion foou lofe their power, which, 
perhaps, neither time, nor a thoTough dilfolution of their 
parts, can deprive the natural ones of. In general, as 
long as the phofphori gained by torrefadion preferve 
their power, their light is more fiiiu-p and Rriking, but 
the natural more wTak. Thofe that arc gained by calci- 
nation, and Baldwin's phofphorus, feem to poflels both 
the Rriking light of thofe gained by torrefadion, and the 
weaker light of the natural pholphori : tlie laR they pre- 
ferve a long time, but the former is loll, by degrees, much 
fooner. The well calcined allies of plants, or rather their 
terrellrial parts, remaining after the folution of their fixed 
falls by walhing, and neutral falts, continue phofphori after 
many years : fo that, as far as v/e can judge, the luminary 
power which is gained by calcination, though not fo in- 
tenfe, continues perpetual; vvliereas, that gained by torre- 
fadion always decroafes, and, in a very little while, is no 
longer vifibh*. Some, even by this method, continue to 
imbibe light much longer than others. Gum arabic, which 
continues longell, bills fix da)s ; bread not one, and cof- 
fee only a few minutes. However, at any lime, by a frelli 
torrefadion, you may recover thefe languid pliofphori ; in 
whicli pro])erty they have great hkenelV. to the Bologniau 
Rone, and othiT phofphori prepared by art. 

Alinoll all bodies, by a proper treat mentj have that powci 
of fliiniiig in the dark, which, at lirit, was fuppofed to be 
the property of one, and afterward only of a few. How 
this is lirouglit about is not eafy to folve. If we lup- 
pofe, with fome, that the light from a luminous body en- 
ters and abides in the phofphori ; we fliall find fome what 
new' to admire in liglit itfelf. It is no new opinion, that 
this fluid conllRs ot very line particles, w'hich are con- 
tiniially darted forth from a luminous body in all dir»‘c- 
tions, with a very great velocity : but it has by nobody 
been laid down hitherto, that thefe particles arc not dil- 
foUed by the violence of their agitation, nor difperfed, 
nor immediately ceafe to exill ; but fiibfili ibll, and ad- 
here to what bodies come in tfieir way, as he-it docs. If, 
ihiTcfore, the particles of light arc not tlillblved as fooii as 
they are emitted from a radiant body, but continue fome 
time, wdiiit die is required but that w'C allow its atmo- 
fpliere locker) lucid appearance ? If tlie pliofphori Ihine 
with a borrowed light, but not w'ith their own, and that 
only when pul in motion, and fired by tlie rays of a fliining 
body, w'bich fome experiments feem to confirm, then other 
new' dovTtiines will arife. There mull be then a hidden, a 
Jecret princi])le in bodies, to be lighted up by this moR 
lubtle lire. I'hrrc ^^ lll be in the imivcrfe a certain per- 
petual lire from thefe phofpliori ; the matter of which, 
thoiigli conllanily diflipated by burning, does not wallc 
enough to be obvious to cur feiifes. See Phil. Tranf. 
N 478. in vol. xliv. art. 17. p. S3, and Beccarii Com. 
p. 52. 91, &c. See JifiiiT, Luiiir from Diamonds^ and 
Bolognum Pni^ksphokl.s, tnfra. 

Of artificial phofj’hon theic are three principal kinds: 
the firll burning, w'hich con fumes every combuRiblc it 
touches ; the other two have no fenfible heat ; and arc 
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called the Btmoman and Hermetic phofphorus, to which clafs 
others of a fimilar kind may be reduced. 

Phosphorus, Burnings in Chemiftry^ is a fimplc inflam- 
mable fubiiance. 

The difeovery of this phofphorus was firll made in 1677, 
by one Brandt, a citizen of Hamburgh, in his refearchts 
for the philofopher’s Hone. Brandt communicated the 
fccrct to one Kraaft, of Drefdeii, but withheld it from 
Kunckcl ; upon which this chemift, knowing that urine 
was the fubftance employed, fucceeded in his attempts of 
making phofphorus ; accordingly, this phofphorus is com- 
monly called KunckePs phofphorus, after his name. A 
iimilar phofphorus was alfo mad<' by Mr. Boyle, after hav- 
ing feen a piece of it in the hands of Kraaft, who brought 
it to London in 1679, in order to (hew it to the king and 
queen of England ; having been only informed that this 
phofphorus was produced from fome matter belonging to 
the human body. Kraaft, indeed, told Stahl, that he had 
communicated the procefs for making it to Mr. Boyle ; 
but this is fut h an imputation on the integrity and honour 
of our Englilh philofopher, as can by no means be ad- 
mitted on the teflimony of a man, who had been treacher- 
ous to Kunckel, who traded in the fecret of making phof- 
phorus, and after felling it to many perfons, publifhed the 
procefs for making it in the Mercure Galont, for June 1683. 
Kunckel, and a German cliemili called Godfreid Hantk- 
witz, to whom Boyle communicated the method of preparing 
it, were the only perfons who made it in any confiderable 
quantities. 

M. Hellot, in his Memoir upon this fubjedi, Ac. Paris, 
1737, enumerates all the procefles for making it, that 
were in ufe foon after the difeovery of it ; viz. that pub- 
blifhed by Mr. Boyle in 1680, in the Phil. Tranf. N® 196. 
(fee Phil. Tranf. Abridg. vol. iii. p. 346.); that of Kraaft ; 
that of Brandt, in a colledlion of experiments and obfer- 
vations of Dr. Hooke, publiflied by Dr. Derham in 1726 ; 
that of M. Homherg, in the Ancient Memoirs of the 
Academy, in 1692 ; and thofe found in the works of fe- 
veral chemifts, particularly of Theickmeyer, Hoffmann, and 
Niewentyt. However, the operation continued in a great 
degree a fecret till the year 1737, when a llranger came into 
France, and obtained a reward f n the miniftry for commu- 
nicating his procefs, which was executed by MefTrs. Hcllot, 
Du Fay, Geoflroy, and DuhameL Since the publication of 
M. Hcllot’s Memoir, the operation has been no longer a 
fecret ; though feldom executed, becaufe it wai rather cu- 
rious than ufeful, and both troublefome and expenfive. 

The folid phofphorus was formerly prepared from urine 
in the following manner. Evaporate a good quantity of 
urine of beer-drinkers to the conflftcncc of honey ; cover 
it up in an earthen veflel, and fet it three or four months in a 
cellar to ferment and putrefy. Mix two parts of fand, or 
powder of pot-fherds, with one part of this urine, and put 
it into a retort, fitted to a long-ncckcd receiver, with two 
or three quarts of water in it. Diftil it in a naked fire, 
in a reverberatory furnace ; at firft gently ; after two hours, 
augment the fire gradually, till all the black fetid oil be 
drawn off. Raife the fire to the highcll degree; upon 
which white clouds will come into the receiver, and fix, by 
little and little, on one fide, in form of a yellowifii fkin ; 
and another part will precipitate to the bottom in powder. 
Keep the fire thus violent for three hours, till no more 
fumes arife. Let all cool, and unloofc the vefTels ; and, 
throwing more water into the receiver, lhake all well about, 
to loofen what flicks to the fides. Pour the whole into a 

^afs veiled, tu £ci.i\c. 

The volatile fait will now diflblve in the water, and the 


phofphorus and oil will fmk to the bottom ; then pour off 
the water, and gathering the remaining part together, put 
it into a glafs veflel, with a little frefh water, and digefl it 
in a fand-heat, ftirring it from time to time with a wooden 
fpatula. 

By this means, the phofphorus will feparatc from the oil. 
and fink to the bottom ; pour off the oil, and makj up the 
phofphorus, while hot, into flicks for ufe. 

Boerhaave gives us other ways of preparing phofphoruK. 
Recent urine, he ohferves, digefled tlirce or four days in 
a tall glafs, with a heat no greater tlian that of a healthy 
man, grows ruddy, fetid, and cadaverous ; this digefled 
urine, being put to dillil in a retort, yitdds a clear, fetid li- 
quor, then a yellow volatile fait, which evaporated to the 
confiftence of a fapo, and mixed with four times its weight 
of dry fand, and the diftillation continued in a covered re- 
tort, there fiicccflively comes over, by greater and greater 
degrees of fire, a fetid brown oil, blucifli fumes, and, finally, 
a grofs fliining matter, which finks in water, and is the folid 
phofphorus. 

To make it more eafily, and to the heft advantage, it may 
be proper to take a fuflicient quantity of human urine, 
afforded by a perfon not much given to drink wine, and 
exhale it away in an open veflel to a rob, or the confiflcnce 
of honey ; then f^t it to putrefy for half a year, and, 
upon dillillation, it will aflord a large proportion of fait , 
after which, if fix times its own quantity of fand, or 
brick dull, be added to the remainder, and the diflillation 
be continued, as in the cafe latt mentioned, the phofphorus 
will fall into the water. Or it may commodioufly be pre- 
pared, by fuffering the rob of urine to digeft for two years 
in an open veflel in the open air ; during which time, a 
(limy, feculent, iinftiiou*^, earthy matter, will fall to the 
bottom ; wdiich, being frequently walhed with pure water, 
wherein it will not diflolvc, will leave a white matter behind 
it, neither of an alkaline, acid, falinc, or tcrrellrial, nor 
fearetdy of an unftuous nature : and this is of itfelf a pro- 
per mutter for the making of phofphorus by diftillation with 
Lnd. 

In order t© preparing the phofpliorus, and indeed moft 
of the other preparations of urine, the firft ftep is to re- 
duce that liquor to the confiftence of a rob or thick ex- 
tract ; thofe who have worked on this fubjedl fufiiciently 
know how abominably naufeous and difagrceable a ta/k this 
is. The operator aloni* is not the perfon who is almoft poi- 
foned by it, but the whole neighbourhood is affedlcd ; and 
it is well known, that our Godfrey, who ufed to prepare 
large quantities of this fubflance, was always obliged to 
keep a houfc in the fields to perform this part of the pro- 
cefs in. 

There is an cafy and excellent method propofed by Stahl 
for the performing of this troublefome bufinefs, by means 
of condenfution by cold or freezing. There needs no more 
than to expofe the proper quantity of urine to fome frofty 
nights in winter ; or at any time of the year to our ice- 
houfes, or other places where ice is preferved all the year 
round. The froft will, in this cafe, affe6l a large part of 
the urine, but not the whole ; and the liquid part being 
feparated from the folid ice, it will be found th.it the w. tcry 
parts alone have fuffered the freezing, and that all the 
unduous and faline ones are left behind in the unfrozen 
part, which is, by repeat* d frei zings of its yet remaining 
aqueous parts, at length reduced to that fort of rob which 
is required for all the purpofes of diftillation, and that with- 
out any trouble or offenfivenefs, either to the operator or 
any body elfc. The power of rondenfation by fieezing in 
this manner, extends to wine, vinegar, and all fermented 
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liquors ; but it operates differently on the feveral different 
ones, and is to be regulated according to their natures. 
The natural cold of our climate is fcldom too great for any 
of the liquors we delire to condenfe ; that is, it is never fo 
great as to rondoiifo the whole into ice. It often is not 
luflicicntly gn*at to condenfe the aqueous part, even after 
cv r fo ma»!y rcpi'titions. In this cafe, it may be proper to 
bring v\ ilu' uW of the common freezing mixtures, made 
vviMi ice, or Inow and fall. To fuit the artificial degree of 
C M h lu tli dV cafes, requires care and experience, and is 
ahnoll as ;iu c a point as the fuiting of the degrees of heat 
in the oju rations t'f chemiftry. 

In I7f3» Mr. Margraaf publiflied, in the Memoirs of the 
Academy at Berli»;, a new and excellent procefs for obtain- 
ing more r afily and i v:])cditiouny, and at Icfs c^pence than 
hid hitherto l)‘'eri done, a confiderable quantity of phofpho- 
rus. In his pre:efs, a kind of plumbum corneum is pre- 
vioufly jip'panvl, l)y diflilling a mixture of four pounds of 
ininiuin with jiounds of powdered fal ammoniac; the 
refnlnnin afierllie ddlillation, or tin* plumbum corneum, is 
to In* mixed \.ilh nine or ten pounds of extrarit of putrefied 
urine, boiled to the confidence of honey. This mixture is 
to br* madi‘ liov/ly in an iron cauldron fet upon the fire, and 
i5y frequently dining the contents. Half a pound of 
powdered charcoal is then to he added, and evaporation is 
to be continued till the wliolc is reduced into a black 
powder, which is to Ik* put into a retort, in order to extradl 
from it, by a moderate and gradual heat, all the volatile 
produ^Is of urine, that is, volatile alkali, fetid oil, and an 
anunoriiacal matter which adher s to the neck of the retort. 
In this didillution the heat is only to be raifed fo as to 
make the matter red-hot. After the dillillation a black 
and friable refiduum is h ft, from which the pliofphorus is 
to be extracted by a fec nid diO illation, and a ftrongcr heat. 
Before it is expoftd to anotlier dilhllation it may be tried 
by throwing (ome of it upon hot coals. If the matter has 
!)ecn well prepared, a fmell of garlic exhales from it, and a 
blue phofphorical flame is fecn undulating along the furface 
of the hot coals. This matter is to be put into a good 
earthen retort, capable of fuflaining a violent fire, and 
which may be fecured with a covering of clay and hair. 
Three quarters of the retort are to be filled w^ith the matter 
which is to yield the pliofphorus. It is to be placed in the 
common furnace for diflillation with a retort ; excepting 
that inHead of being terminated by an ordinary reverbera- 
tory or dome, this ought to be terminated by the upper 
piece of an air-furnace, to wdiich a tube is to be applied, 
the diameter of whnrh ought to be from four to fix inches, 
according to the fize of the furnace, and the lieight from 
eight to nine feet. This apparatus, which Mr. Beaumc 
uies, is neceffary for raifing a lufiicient heat, and for the 
convenience of throwing in a fiilficieiit quantity of fuel 
through the door of the upper piece of the furnace. The 
retort ought to be well luted to a receiver of moderate fize, 
pierced with a fmall hole, and half full of water. For this 
purpofe ordinary fat lute may be bound on with ftrips of 
linen, dipped in a lute prepan'd with lime and whites of 
eggs. The hole in the furnace through which the neck of 
the retort pafles ought to be well flopped with furnace- 
earth. Laftly, a fmall wall of bricks is railed betwixt the 
furnace and the receiver, to guard this veflel againfl heat as 
much as is poUible. 

All thefe preparations being made the evening before the 
diflillation is to be performed, w*e are then capable of pro- 
ceeding to this operation, which is very eafy. The retort 
is to be heated by flow degrees during an hour and a half ; 
and then the heat is to be increafed till the retort be red- 
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hot, and the pliolphorus begin to pafs in luminous vapours 
when the retort is almoft of a white-red heat, the phofpho- 
rus pafles in drops, w^hich fall and congeal in the water at 
the bottom of the receiver. This degree of licat is con- 
tinned till no more pafles into the receiver. When a retort 
contains eight pints or mere, this operation continues about 
five hours. 

Mr, MargraaPs apparatus is fomewhat difF< rent from that 
above defermed. He divides the whole quantity of matter 
from w'hich the phofphoriis is to be obtained into fix fmall 
retorts, which he places in a furnace that be deferibes. The 
advantage of this divifion is, that if any accident happens 
to one retort, the whole matter is not loft ; and as tlic re- 
torts arc fmallcr, a lefshtat is required. If, indeed, much 
phofphorus was to be mad^', this pra6ticc would bo fafe and 
excellent ; but Macquer affirms, that the method above dc- 
feribed of Mr. Beaumc is very convenient when a large 
quantity of pliofphorus is not wanted, and that hf* has never 
feen it tail. 

Phofphorus does not pafs pure in this diflillation, but is 
blackened by foot or coal, which it carries along with it : 
it may be eafily purified, and rendered white and fine by a 
fecond diflillation or re6Iificalion. This re6lification is made 
in a fmall glafs retort, to whicli is adjufted a fmall receiver 
lialf full of water. A very gentle heat is fufficient, be- 
caufe phofphorus once formed is very volatile : and as the 
fuliginous matters with which it is foiled were raifed merely 
by the violence of the heat, they remain at the bottom of 
the retort in this diflillation, and the phofphorus paffes very 
pure. 

The phofphorus is then ufually divided into fmall cylin- 
drical rolls, for the conveniency of ufing it. This is done 
by putting it in glals tubes immerfed in warm water. This 
very gentit* heat is fufficient to liquefy the phofphorus, which 
is almoft as fulible as fuct. It takes the form of the glafs 
tubes, from which it may be taken out when it is cold and 
hardened. That it may be more eafily taken out of the 
lubes, thefe muft be fomewhat of the form of fruftums of 
cones. All thefe operations ought to be made under water, 
to prevent the inflammation of the phofphorus. 

Phofphorus is now ufually procured by the following pro- 
cefs. Calcine a quantity of bones till the whole of their 
inflammable matter is confunied, which will be indicated by 
their whitenefs. After they are reduced to a fine powder, let 
100 parts, by weight, be mixed with 500 parts of water, in 
a vefrel of ft one ware, or any other which fulphuric acid 
will not ad upon. To the above mixture add, by degrees, 
40 parts of lulphuric acid, coiiftantly ftirriiig the mixture 
with a flick or a glafs rod. After llie efiervefccnce has 
fubfidtd, let the mixture Itaud for a day or two, then 
decant off the clear liquor, which is to be preferved. Let 
the refiduum be agitated with a quantity of frefh water, 
and thrown upon a filtre, adding the clear liquor which 
runs through to that decanted in the firfl inftance. Let 
more water be poured upon the filtre till it comes through 
taftek'fs. This being added to the lalt, the whole will con- 
tain a fuper-phofphat of lime, with great excefs of acid. 
In order to feparate the phofphoric acid from the lime, the 
nitrat of lead is to be added. Phofphat of lead precipi- 
tates in the ftate of white powder, while the lime is dif- 
folved in the nitric acid. The phofphat of lead being very 
ponderous, may be feparated by decantation and repeated 
wafliing. When the powder is dried, mix it with one-eighth 
its weight of charcoal powder, and put it into an earthen 
retort. The common earthen retorts are feldom fitted for 
this procefs, being very liable to crack. The clay of which 
thcY are formed fliould be mixed with coarfely powdered cru- 
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cibles, to render the texture of the fubftance when baked 
more open. The out fide mu ft be coated with white lead and 
flint, to form a glazing during the diftillation of the phof- 
phorus. Without tliis precaution the vapour of the phof- 
phorus would efcape through the pores of the veftcl. The 
retoft, with its contents, muft be placed in an air-furnace, 
with a flit in the fide to admit the neck of the retort. The 
fuel fliould be well burnt coaks, and tlie fire raifed very 
gradually. The neck of the retort fhould be luted to an 
adopter, which is fitted to a glafs receiver, prcvioiifly filled 
with azotic gas. A final! tube fliould proceed from an- 
other opening in the receiver, terminating in a pneumatic 
trough. This ferves to carry off the elaftic fluids which are 
difengaged in the proci fs. During the lirft flage of tlie 
procefs carbonic acid is difengaged, which is afforded by 
the carbon combining with the oxygen of the pliofphoric 
acid and the oxyd of lead. 'I'fie cJiaicoa! always contains 
a portion of moifture, which is decompofed by the carbon. 
In the laft ffage of the procefs,- when the pliofpfioriis rifes 
in the elaftic form, a portion of it combines with the hydro- 
gen of the water, forming phofphorettcd hydrogen' gas, 
which takes fire when it comes in conladt with oxygen of 
the atmofphere. This fpontaneous inflammation of the 
efcaping bubbles, is a certain figii that the phofphorus is 
coming over. It is feen running down the adopter into the 
receiver, which contains a fmalT portion of water for it to 
drop into. The mafs which drops into the w’ater is gene- 
rally of a brownifli, and fometimes a darker colour, and con- 
fifts of phofphorus, containing fomc carbon, and is other- 
wife impure. When the apparatus is quite cold, it may be 
taken out, and placed in aglafs funnel provided with along cy- 
lindrical neck, about one-fourth of an inch in diameter, clofed 
at one end with a cork. It is firft filled with cold water, 
lb as to cover the phofphorus. The whole is now immerfed 
into hot water, which melts the phofphorus w'hich is can fed 
to occupy the interior of the tube, afluming a pale yellow 
colour, while that in the top part of the tube is of a darker 
colour, and contains tlie impurities. The pure part is broken 
into pieces, in which ftate it is fold. If the phofphorus after 
diftillation be very impure, it fliould be diftilled a fecoiid 
time from a glafs retort, obferving the fume precautions in 
the receiver as in the firll procefs. After this it may be 
ftrained through chamois leather under hot water. 

7 'he phofphat of lead may alfo be procured by adding 
tiitral of Ic.id to uriiif. The latter fubftance contains a 
quantity of the phofphat s of fuda and ammonia, each ot 
which give up their acid to the lead, forming phofphat of 
lead, whicli mils to tlie bottom of the veffcl in the ftate of 
an infoluble wdiitc powder. This is doubtlefs the cheapcll 
way of gctling phofphorus. 

Stahl Tuppofed phofphorus to be a compound of muria- 
tic acid with phlogifton ; but it was aftiTwarcls proved by 
the refearches of Margraaf, that muriatic acid could not be 
produced by burning phofphorus, nor could he fuccecd in 
forming phofphorus by treating muriatic acid with inflam- 
mable bodies. He found in the courfe of his experiments, 
what has ffnee led to the overthrow of the phlogillic doc- 
trine. The phofphorus gained weight by burning, and he 
called the fubftance rcfulting from the combuftioii phofpho- 
ric acid. Lavoifier, in a futisfadory manner, confirmed the 
fa6fs of the above chemift, by burning phofphorus in oxygen 
gas. The diminution of the oxygen he found jull equal to 
the incrcafe of weight in the phofphorus after burning. 
Hence it was eftabliflied, that phofphoric acid was a com- 
pound of phofphorus and oxygen. 

Phofphorus, when perfe6fly pure, is of a pale yellow 
cokMir, having Tome refcmblunce to white wax. Like the 
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latter fubftance it foftens by heat, and is lo ductile as to be 
cut with a knife. 

It is called “ pliofphoruR fulgurans** from its corrufea- 
tions ; and “ phofphorus fmaragdinus,*^ becaufe its light is 
frccmeiitly green or blue, efpecially in ])lace8 that arc not 
very dark. 

It IS alio called folid phofphorus, from Us coiififteiico. 

It diffolves in all kinds of diftilled oils ; and, in that ftate, 
is called the liquid plioiphorus.'* 

It may be ground in all kinds of fut pomatums ; in which 
cafe it makes a luminous unguent. 

So tliat tlie phofplionis fuiguraiKs, fmaragdinus, folid and 
liquid pholphonis, and luminous uiiguoiit, arc all the fame 
preparation, under diflereiit circumllanccs. See I'uLor- 
it.tTlNG Phofphorus, 

^ITe fpecihc gr.ivity of phofphorus is about 1.77 ; th» 
fiifnig point IS 9o‘ Falir. ; and it afl'umes the form of va- 
pour at a little fhort of 600 

W’^hen pliolplmrus is heated to 148 in the open nir, it 
takes fire and burns with great brilliancy, owing to the ra- 
pidity with which it combines with ox)gen. Very denfe 
winte fumes are produced, fo as iiUiinalely to nearly ob- 
Icure the flame. If the combullion be made in a veflel, the 
fumes adhere to its fides, and become liquid, by uttrading 
moifture from the atmofphen‘. A portion of red matter is 
left after the burning has ceafed, which is probably a com- 
pound of ])}u>fpborub and carbon. ^I'he liquid which is 
formed upon the iides of the veflel has an acid tafle, and 
coiififts of pbofjihoric acid, waU'r, and probably a fmiJl 
quantity oi ])hofpborus which has efeuped combulUon. 
When plioiphorus is burnt in pure oxygen, the light pro- 
duced is of fuch dazzling fplcndour as lo give pain to the 
eyes. Tlie combiiftion is by tliis means complete, and if 
the oxygon is in fufiicient quantity, the wliolc is converted 
into phofphoric acid. 

Lavoifier found ihtit 100 grains of phofphorus took up 
154 grains of oxygen, fuppoling the atom of oxygen to 
be 7, hydrogen being l, agreeably to the numbers of Dalton, 
And coiifidcringtlie phofphoric acid as an atom of phofphorus 

w'ith two atoms of oxygen, wc have — . Dalton 

100 9.1 

has fixed the atom of plioiphorus at 9. From tbefc data 
the atom of phofpliorie acid will be 9 4- 2 x 7 — 23. 

When pliofjihonis is expofed to tlie air in fniall bits, it 
gives out a white frnoke for fomc lime, .a id is ultimately 
changed iiilo a clear vivid oily liquid, which has an acid 
tafle. In this procefs it combines flowly with oxygen, and 
confllls of one atom of phofphorus w ith one of oxygen, or 
94-7= 16. When phofphorus is made to undergo flight 
combiiftion, by melting it over the interior of a phial, with 
the prefence of fmall quantities of air, the phofphoriifi 
affiitnes a reddifli colmir. lly this change it is found to take 
fire with much greater facility, lo much fo that this procefs 
L reforted to in the conftrudlion of the common lire bottles. 

From this and other fadts it is probable that an oxyd of 
phofphorus exifU with lefs oxygen than is contained inphof- 
pliorous acid. It doubtlefs is conllituted by 2 atoms of 
phofiihorus to I of oxygen, or 2 x 9 -h 7 = 25. See 
Pho.nphohoi s and pHo.spiioiiir yields. 

The adlion of the acids upon phofphorus is treated under 
the rcfpeClive acids, but what has been omitted under OxY- 
MUKiATJC jicidy we fhall introduce here. 

The muriatic acid does not adl upon phofphorus when 
the acid is in the gafeous form, but when prefented in com- 
bination with fomc other bodies, it forms very curious 
combinations, which have been little noticed. We arc 
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indebted to fir Humphry Davy for our knowledge oi theic 

finals. .... 

When phofphorus is immerfed in oxyinunatic acid gas, 
it burns with a pale flame, producing a white lubllance, 
which adheres to the fides of the veflel. The above diemill 
found that one grain abforbed nine cubic inches of the gas, 
and hence concludes that I of phofphorus combines w'ith 
(5.8 of oxymuriatic acid, or, agreeably to the nomenclature 
of this philofopher, who confiders the latter a fimple body, 
chlorine. The number he gives to reprefent one proportion 
of chlorine is 67, that of oxygen being 15 and phofphoyus 
20 ; fo that he concludes the compound formed by burning 
phofphorus in chlorine gas to coiifilt of two proportions of 
chlorine equal 134, to one proportion of phofphorus equal 
to 20, or 134 20 = 154, the number rcprefeiiting tlie 

compound. To tliis fubftance he has given the name of phof- 
phorana. The advocates of the old hypothcfis confidcr this 
compound as confiituted by two atoms of muriatic acid, 
free from water, united to one atom of pliofphoric acid, and 
agreeably to the common nomenclature it will be called a 
lupermuriat of phofphorus. Dalton’s number for mu- 
riatic acid is 22, for oxygen 7, and for phofphorus 9. 
Hence this fuldhince will be conftituted by 2 x 22 + i X 
7 -f 9, or 58 oxymuriatic acid to 9 of phofplioruh, but in 
faA 44 muriatic acid to 23 phofphoric acid. 

'Die compound in quelliou is deferibed by its difeoverer as 
being a fnowy wliite fiibftancc. It is volatile at a tempera- 
ture lefs than that of boiling water. It is capable of being 
fufed under prefl'ure, and then cryllallizes in the (hape of 
prifms which are tranfpareiit. 

He dates that “it ads violently upon water, which it de- 
compofes.” Its phofphorus combines with the oxygen, 
producing phofphoric acid, and its chlorine with the hy- 
drogen, forming muriatic acid. The advocates for the old 
opinion equally well explained the adioa of water upon this 
fubftance, by luppofing the fame quantity of w^ater to com- 
bine with the muriatic acid, which fir Humphry would Hate 
to be decompoled. 

Another compound of this kind has been difeovered by 
the fame chemill, by diftilliug phofphorus through the 
powder of corrofive fublimate in a glafs tube. A limpid 
fluid is obtained, which he dates to be a comjpouud of one 
proportion of chlorine witli one proportion of phofphorus, 
or 67 + 20 = 87. The properties of this compound are 
dated by dr Humphry as follows ; it emits and fumes when 
expofed to the air, decompofing the aqueous vapour, and is 
converted into acid in the air without inflammation. In its 
pure date it does not redden dry litmus paper. The vapour 
from it burns m the flame of a candle. When poured into 
jvater, it is converted into muriatic and phofphorous acid, 
the hydrogen combining with the chlorine to form muriatic 
acid, and the oxygen with phofphorus forming phofphorous 
acid. This folution, being evirated to the confidence of 
fyrup, affords a very pure phofphorous acid combined with 
water, the muriatic acid having efcaped. It becomes folid on 
cooling. 

Sir H. Davy has called the above compound pliofpho- 
rana. 

By thofe of the common opinion, this fubdance is confi- 
dered as a compound of pure muriatic acid and phofphorous 
acid. The phofphorus, on pafling tlirough the fuperoxy- 
muriat of mercury, took an atom of phofphorus from the 
mercury forming phofphorous acid, which, combining with 
an atom of muriatic acid, formed the compound in quedion, 
leaving behind an atom of muriat of mercury (calomel), 
which condfts of an atom of muriatic acid, w’itn an atom 
of the firll oxyd of mercury. By Dalton’s numbers tliis 
fubftance is confiituted by one atom of muriatic acid, 22 
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added to one ot phofphorous acid, equal to 9 4* 7 or 16, 
the whole being equal to 22 -h 16 = 38. All the phe- 
nomena Hated above, which have been explained by fir 
Humphry’s hypothcfis, will be equally well explained by 
the old theory. The above ingenious chemid has pointed 
out a third compound of chlorine with phofphorus, which 
he fuppof(‘8 to confid of one proportion of chlorine with 
tw'o of phofphorus, or 67 4- 2 x 20 =- 107. This, by 
the old dodrinc, would be confidered as compofed of 1 of 
muriatic acid, 22 to 2 of phofphoric oxyd, equal 32, the 
whole being 52. 

Tliifi fubdance w as lird obtained by Guy LufTac and The- 
nard, by diflilling phofphorus and calomel. If its condi- 
tution be as above dated, 9 of phofphorUvS diould be diddled 
witli 196 of calomel. 

Phofphorus combines with hydrogen, forming a gafeoiis 
compound called by fome phofphoretted hydrogen, and by 
others more properly phofphoret of hydrogen. Several 
circumdances (hew the afftnity between phofphorus and hy^- 
drogen to be very flight, particularly its liability to be de- 
compofed even by agitation w'ith water. The following is 
the procefs recommended by Dalton for procuring it. To 
tw’o ounces of dry hydrat of lime, or lime which ha^s juft 
taken as much water as is required to flack it, add 50 grains 
of phofphorus in fmall bits. Let thefe be put into a glafs 
retort, which has been previoufly filled with nitrogen gas. 
Witliout the latter precaution the prefence of oxygen w'ould 
decompofe the gas intended to be obtained. Tet the neck 
of the retort be conne^fed with an hydromuriatic trough, 
and apply the heat of a lamp, which brings over the gas. 
The lime is here more than is nccclfafy, which is no incon- 
venience. The abfolute quantities which are engaged in 
the procefs arc, i atom of hydrat of lime =84- 24, and 
2 atoms of phofphorus =2 x 9 18. The water of the 

hydrat of lime is decompofed. The oxygen combines w'ith 
one atom of phofphorus, forming phofphorous acid, w hich 
afterwards combines with the lime. The hydrogen com- 
bines with the other atom of phofphorus, forming phofphoret 
of hydrogen, w'hich comes oyer in the form of gas. Jn 
this ifate it takes fire fpontancoufly in the open air, or in 
contaft with oxygen. The phofphorus is ealily feparated 
by the eleiStric fpark, and even by ftanding over w'ater, 
leaving the hydrogen pure, and occupying the original vo- 
lume of the gas. Tiiis latter effedl taking place partially, 
has given rife to the opinion of phofphorus combining with 
hydrogen in different proportions. We can hence explain 
the aflertipn made by fir H. Davy, in w'hich he fays lie has 
obtained phofphoretted hydrogen gafes of different fpecific 
gravities, from 4to 7 ; hydrogen being i. 

The compofition of this gas is eafily inferred from its fpe- 
cific graviw, w'hich Dalton ftates to be 10,5, hydrogen 
being i. Hence if i of hydrogen takes up 9.5 of phof- 
piioruB w'ithout any change of volume, it will make the 
ipecific gravity as above. By theory, 9 of phofphorus 
fliould combine with i of h)drogen, when i atom of 
the former combines with i of the Tatter. We may hence 
conclude that an atom of this gas in a ftate of purity is 
I 4- 9 ~ 10. 

To confirm this, Mr. Dalton found that i meafurc of this 
gas to 1.5 oxygen produced phofphoric acid ; and i mea- 
iure to I produces phofphorous acid. We are indebted to 
fir Humphry Davy for the difeovery of a new compound 
of phofphorus and hydrogen, which he obtained by expofing 
the folid hydrat of phofphorous acid to heat in a retort. An 
elaftic fluid is produced, having a lefs difagreeable fmell 
than the phofphoret of hydrogen, already deferibed. Jt 
does not, like the latter, explode fpontaneoufly. When 
heated to 300® Fahrenheit with oxygen, it detonates with 
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violence. It alfo explodes in'oxymuriatic gas with a white 
flame* This chemift fuppofes its fpecific gravity to be about 
12, hydrogen being i. 

When heated in potafTium, its volume is doubled, and the 
gas produced is pure hydrogen. When fulphur is fub- 
Kmed in it, the volume is doubled, and fulpluirelted hy. 
drogen gas produced. 

fie found that 3 in volume of this gas took up more 
than 5 of oxygen. He concludcvS its compofition to be 
nearly 2 of hydrogen to 10 of phofphorus, by weight. Ac- 
cording to Dalton’s numbers it will coiifiil of an atom of 
phofphorus to 2 of hydrogen, or 9 -f 2 1 1. If its vo- 

lume be doubled by taking away its phofphorus, which is tlu‘ 
cafe in the experiment with potalliuin, its fp«‘cific gravity 
--nil be increafed by 1 comprt fUd into which will give 
fpecific gravity equal to 2 : this added to 9, the weiglit ot 
the pholphorus, will give 9 -f 2 ™ i i, which is very near 
to fir Humphry’s experiment. In the experiment wdiere 
it combines with the fuldimed fulphur, tlie volume is dou- 
bled, and two atoms of fuVpluiri tltd hydrogen atv forin< d, 
one of which being equal to the origin j volume, will make 
the fpecific gravity of this gas equal to that of lulphuretted 
hydrogen, which is about 14, hydrogvn Inli^g 1. The 

mean of thefe will bt 12.J, width comes very 


near to fir Humphry’s fiatem'^nt of the fpecilic gravity, and 
llrongly confirms the roll of the faints relative to it. 

The oxygen required for its total abforption will be 28 

, . 1 , 28 12 24 

to II by w'cight, and — x - - -- — , or 2 to i by mealuie 
^ ^ 1 1 14 1 1 ^ 

nearly% Tliis is obtained by multiplying their ratios of 
weight by the inverted ratio of their fpecific gravities. 

Phofphorus combines with fulphur by melting them to- 
gether in a glafs tube, frwrn which oxygen is excluded. 
The. compound is more fufible than either of the elements. 
Sir Humphry Davy found that a compound of thefe bodies 
in the proportion of 3 of fulphur to 4 of phofphorus, is fii- 
fiblc at 40^' Fahrenheit, When folid, its colour was of a yel- 
lowifli-white. Thefe bodies, like all otliers, mult produce 
moll complete compounds in certain definite proportions de- 
pendent on the ratio of the weight of their ultimate atoms. 
Atom to atom, their proportions will be 9 to 1 3. The com- 
pound above alluded to will he 2 atoms of phofphorus to i 
of fulphur, or 18 -h 13 31. The moft remarkable pro- 

perties pofl’efled by thefe compounds are their increafed tull- 
bility, and their tailing fire at a lower temperature tlian phof- 
phorus. This latter property has been taken advantage of 
ill making the common fire- bottles. Their proportions for 
this purpofe are generally about 2 phofpliorus and 1 fulphur. 
This is nearly 3 atoms of phofphorus to 1 of fulphur, which 
v/ould be 3 X 9 to 13 =: 27 to 13, 

Dr. PrielUey has made many experiments with phofphorus, 
in ditferent kinds of air ; and has found, that it fmoked and 
gave light in the acid air, juft as it would have done in com- 
mon air confined, without being fenfibly wafted for twelve 
hours, and with a very inconfiderable diminution of the 
bulk of the air ; in alkaline air it gave no light and made no 
tailing change in its dinienfions ; in nitrous air, it gave no 
light, nor did it lelT-'n its power by diminiftiing common wr, 
and the phofphorus remained unchanged ; and after having 
remained a day and two nights in vitriolic acid air, it pro- 
duced no fenfible effcdl, and gave no light. 

Dr. Fordyce has fuggtfted the following eafy method of 
i^educing phofphorus to powder : take phofphorus of urine 
two drachms ; put it into a four-ounce phial ; pour upon it 
tliree ounces of water ; heat it gently by immerfion hi warm 
water, till the phofphorus melts; (hut the phial with a cork ; 


take it out of the water, and ftiake it briflcly till it be cold ; 
and the phofphorus will be found in powder. A receiver 
may be lined with this powder by adding a very fmaJl quan- 
tity of water to it, and then making the powder to adhere to 
its internal furface, by gently inclining and turning the re- 
ceiver round. MacqiuT’s Chem. Dia. art. Phofphorus, 
Prieftley^s Experiments and Obfervations on Air, &:c. Phil, 
Tranf. vol. Ixi. part ii. p. 504, &c. 

Phospiiohus, Properties of Solid, 1. With this pliofpho- 
rus one may write on paper as with a jiencil, and the letters 
will appear like flame in the dark ; yet, in the light, nothing 
will appear but a dim finoke. This is occalioned by the 
oxygen of the atmofphere combining flowly with the phof- 
phorus. 

If the letters written witli this phorphoriis an* warmed liy 
the fire, they prefently become dark line:., which cantiiiiie 
upon the paper like ink. 

2. A little piece, nibbed bet wren t wo pajiers, takes fm 
inllantaneoiifly, and if care lie not taken m tin* maiuigement 
of it, there is danger of biiriiuig the iingi rs, the ])hoiphori'^ 
being (‘xceedingly inflammable. 

3. Its burning is very \elirment, and ptmetrates dei pei 
into the flelh than common fire ; and it is \ery diiVieull to be 
extinguifhed. 

Dr. Slare, in ordt'r to determine whether air contains the 
pabulum of flame, as fome have fuppofed, placed a large 
piece of jdiofphorus in a receiver ; but upon exhaiilling it, 
he found tliat it became more luminous, and that upon 
.admitting the air it returned to its former Hate. This 
propert) was alfo afcerlaincd by feveral experiments of Mr. 
Haukfbee. 

M. Caflini happening to prefs a piece in a cloth between 
his fingers, the cloth immediately took fin* ; he endea- 
voured to put it out with his foot ; but his fhoc caught the 
flame, arid he was obliged to extinguifli it with u hrafs 
ruler, which call forth rays in the dark for two months after. 

The folid phofphorus ceafes to fliiiie and never fpoils, pro- 
vided it be kept in a phial full of water ; but if any part 
of it emerge, it wnll Ihinc, though the glafs be hermetically 
fealed ; and w'ill continue fliining in a large glafs without 
water for feveral days, wdth very little diminution of its light 
or w'eight ; and even when immerfed in water, it will fome- 
timesmake very bright and vigorous corrufcations in the air; 
that in form of an unguent, docs not keep fo well ; and the 
liquid phofphorus worft of all. 

The liquid phofphorus is bell made by digefting in horfe- 
dung, a little bit, or fomc ferapings of the folid kind, for 
two days, in oil or efl’cnce of cloves, oil of turpentine, or 
the like. After the diflolution, the oil will be fo impreg- 
nated wilii it, that, upon opening the bottle, the matter will 
appear on a flame. 

Phosphorus, Experiments with Liquid, By wafhingthe 
face, hands, or the like, with liquid phofphorus, Dr. Slare 
tells us they will be made to fhine very cowfiderahly in the 
dark, and the lullre thereof will be communicated to ad- 
jacent ohjc6ls, yet w'ithoiit any offence to the flein. 

As foon as the candle is brought in, the fliiaing difappears, 
and no change is perceiveablc. 

This pholphorus emits frequent flaflies like lightning, even 
when clofc Hopped, efpccially in warm water. Hence Ms. 
Boyle takes octfafion to draw a parallel between lightning 
and phofphorus. Phil. Tranf. Abr. vol. iii. p. 348, &c, 
Haiikfbee’s Phyfico Mech. Exper. p. 122. Iti fome cafes 
animal fweat, which is firnilar to urine, has been obferved to 
be phofphoraccous, without any preparation. An inftance 
of this kind is related of a perfon who ufed to eat great 
quantities of fait, and who was a little fubjedi to the gout, 
after* fweat ing with violent exercife. Stripping hirofelf in 
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the dark, his fhirt feemed to he on fire, and a urinous fmell 
was perceived, fimilar to that which iffues from cabbage much 
falted and ftrongly fermenting. Ail. Caifarienfia, vol. v. 
p. 354. 

Pnosnionus, Bologniarif or Bonontan. The fecond kind 
of artificial pliofpiiorus, is a preparutioii of flone called the 
Bononian iloiie, from Bologna, a city in Italy, rear which 
it is found. 

The firfl wlio undertook to mak<* this ftone luminous, was 

chcmiit of that city, called Vicoir/o Cafciarolo. Poterus, 
Licetns, ^c. have deferibed the procefs } but miftakenly. 
M. Homberg, who made a journey to Italy, exprefsly to 
learn the preparation, firfi cornmunicatc'd the fame to M. 
Lemery, who publKhed it in the feventh edition of his 
cherniftry. (See Bokomax Stonc^^ Under that article, 
the reader will find foine account of the difeovery of this 
ftone, and of the method ui ;,'Jeparing it. We Ih a 11 here 
fubjoiii fomc farther particulars on tnis fubjed, chiefly 
extrailed from the diflertatioi*"’ of M. Margraaf. The 
Bolognian ftone, he fays, is foff, friable, Iieavy, cryftal- 
lized, and incapable of effervefeing with acids, before it has 
been calcined in contaft with fuel, and with a free ac- 
cefs of air. Thefe qualities have induced him to clafs it 
among the heavy fufihle fpars, which, by a preparation fimi- 
lar to that for the Bolognian ftone, are rendered phofjihoric. 
After analyfing thefe lubflanccs, he concludes that all con- 
tain a vitriolic acid, united to an alkaline or calcareous earth. 
In order to render thefe ftones pliofphoric, fuch of them 
ought to be chofeii as are tlie clearell, but cryftallized, molt 
friable, molt heavy, w^hich exfoliate when broken, and 
which contain no heterogeneous parts. They are to be made 
red-hot in a cTuclble, and reduced to a very fine powder in a 
glafs mortar, or upon a porphyry, and not in a copper 
mortar, which wdll obftru£I the fuccefs of the operation. 
The powder thus obtained, is to be formed into a pafte with 
gum tragacanth, and divided into cakes as thin as a knife. 
Thefe are to be dried by a gradual heat. An ordinary re- 
verberatory furnace is to be filled ttj three quarters of its 
height with charcoal, and the fire to be kindled ; upon this 
charcoal the flat furfacos of the cakes are to reft ; and more 
charcoal is to be placed above them, fo as to fill tlie furnace, 
which is then to be covered w'ith its dome, the tube remain- 
ing open : all the coal is to be confuined, and the furnace 
left to cool. The cakes are then caleined, and are to be 
cleanfed from the afhes by blowing upon them with bel- 
lows. He farther obferves, that after this calcination 
through the coals, if the ftones be expofed to a ftn)nger cal- 
cination during a full half hour under a muffle, their phof- 
phoric quality will be rendered ftronger. Ac. Berlin, 1 749, 
and 1750. 

This phofphorus has not any fciifible heat, and only be- 
comes luminous after being expofed to the fun, or the day- 
light ; in which ft ate it refemblcs a burning coal, and pro- 
ferves its light five or fix minutes in the dark, efpecially if 
the per foil obferving it has been fome time in the dark, or has 
(hut his eyes, that the pupils may be fufficiently expanded ; 
during which time the light gradually dwindles ; and, to 
recover the fhining, it mull be expofed afrefh to the light. 

Phosphorus, the Hermetic ^ or Phnfphorus Balduini^ which 
makes the third kind, and properly belonging to the fame 
clafs with the former, is a preparation of Englifh chalk, 
with aquafortis, or fpirit of nitre, by the fire. See Bald- 
win’s Phofpborus. 

This makes a body confidorably foftcr than the Bolog- 
nian ftone ; but it has all the qualities of it. It has its 
name frqm its inventor Baldwin, a German chemift, called 
Hermes i in the fociety of the Natural Curioforum \ whence 
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its other name Hermetic. It was difeevered a little before the 
year 1677. 

This phofpborus of Baldwin is exactly fimilar to thofe 
made w'ith Bolognian ftone and phofphoric fpars, differing 
only in the kind of acid which it contains. It is evidently 
a nitre with a calcareous bafis, and in calcination acquires its 
phlogillon from the nitrous acid, the chalk alfo containing 
fome of this inflammable principle. It is obferved, however, 
that this is not fo good a phofpborus as the Bolognian ; it 
is not fo luminous, it docs not retain the liglit fo long, it 
foon lofes its virtue, and never recovers it again. Acad. 
Par. 1693, p. 271. 

The procefs for making this phofpborus, though Baldwin 
gave no direftion for it, nor fo much as mentioned the ma- 
terials, was communicated to the Royal Society, in 1679, 
by Dr. Slare, and publifhed by Grew, in his Muf. Reg. 
Soc. p. 3J3 ; and is as follow^s : Take good firm chalk, 
ignite it in a crucible, and then powder it ; put into a 
pint, or half a pint of ftrong fpirit of nitre, cochUatim^ as 
much of the powdered chalk as will ferve w'ell to fatiate 
it, /. e. till it becomes Iw'eetlfh, and makes no effervefcence 
upon the injedlion of the chalk. Then dilute this liquor 
with fair water, filtre it through a paper, and fo evaporate 
it in a large glafs, or glazed veftel, or good Hefiian cruci- 
ble, to a dry lalt. The preparation may be performed in 
four houri. 

To this clafs we may alfo refer fomc other phofphori, 
enumerated in the fequel of this article. As the 

Phosphorus, Ammoniacalt compofed of fal ammoniac and 
lime, which Mr. Homberg lirft difcoven*d. 

The method of preparing it is this : Take one part of fal 
ammoniac in powder, and two parts of lime cxtinguiflied 
by lying in the air : mix them exadlly together and fill a 
crucible with the mixture ; fet it in a fmall melting heat. 
As foon as the crucible grows red-hot, the matter in it 
w'ill melt, and it mull be llirred with an iron rod, left it fwell 
over the edgi s of the crucible : as foon as the whole is 
melted, pour it into a copper bafoii ; it will appear of a 
greyifh colour and vitrified, and if it be ftruck upon with any 
hard body, there will be feen a fire all over the place where 
the blow >va8 given. As this matter is brittle, however, and 
the fame mafs will not ferve often for the experiment, tlie 
beft method is to dip iron rods in it while melting, and thefe 
will be covered with the matter, and will anfwer the purpofe 
eafily and often. Mem. Acad. Par. j 693. 

This is a combination of quick-lime with the acid of fal 
ammoniac. 

Piio.si»m)HiTS', AntimoniaU is the name of a fubftance hav- 
ing the qualities of the phofpborus difeovered by Mr. Geof- 
frey, in his experiments on antimony. This gentleman had 
prepared a foap from pot -afhes, quick-lime, and oil, with which 
he made feveral experiments on antimony ; among others, he 
was defirous, by means of this, to reduce fome diaphoretic 
antimony, wliich he had before made from two parts of 
the regulus of antimony, and three parts of nitre ; but, 
initead of the redu^ion which he was labouring after, 
his operation afforded him a much more fingular pheno- 
menon : the rcfult of them being a phofpborus, which he 
had never thought of j a matter wliich, after having re- 
mained perfe6lly quiet while clofe ftopt down, took fire 
as foon as ever it was expofed to the air ; and that with 
a violent detonation, and darting every where a fhower of 
fire. 

It is eafy to fee, that there are in the preparation all the 
requifites for fuch an effe6l 5 nitre, charcoal furnifhed by 
the burnt foap, and fulphur both from the foap and from 
the regulus of antimony ; and to all thefe a fort of calx, 
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cither from the loap, or from fomc earthy parts of the 
antimony. It is eafy to conceive, that all thefe fubflances, 
coming into a mixture together, fliould be ready to catch 
fire and blazt', upon a proper application ; but it is not lefs 
difficult to account for the effects being produced merely by 
the air, after the whole had been for a long time in a (late 
of reft. 

The method of preparing this new fpecies of pbofpboriis 
is this : Mr. Gt'ofTroy mixed two ounces of his foap with 
one ounce of this diaphoretic antimony ; this mixture, being 
put by little and little into a red-liot crucible, took fire, 
and fwelh‘d very much ; after it had done flaming, the mafs 
fuhfidcd, and hecainc a red or firc-colourcd fubftance, of 
an even furfacc, but ftill throwing up a vaft quantity of 
hlueilh -green luminous vapours ; and all thi!> regularly hap- 
pened on every frefh tlirowing in of the matter, without 
the leaft variety. W hen the whole quantity was thrown in, 
.incl had ceal«‘d to give any flame or luinmous vapour, it 
remained in the crucible in the form of an inverted mufh- 
rooin, being liollow, very porous, ami of a black colour. 
When the crucible was taken out of the fire, the edges of 
tins fubftance were beaten down into the middle, find the 
whole covered with an ounce of frefh foap ; wlieii this kill 
foap was burnt, and a fmall blneiffi flame appeared upon the 
furface of tlie mafs, tlie crucible was l OviTed with a lid, 
and a large quantity of charcoal hid upon it, and the lire 
blowed up very brilkly by an hundred blalls of the bellows, 
nr thereabouts*; but, notwitldlanding the fiercciufs of the 
lire, there was no fluid fcoria formed, but the whole mafs 
remaint'd fpuiigy and porous j the lire was then luffered to 
go out, and the crucible placed in the corner of the elabo- 
ratory at reft for five hours. In the evening, when the 
crucible was perfeiSUy cold, Mr. GeolTroy went to examine 
the matter, and a fervaiit went to uncover the mafs, by re- 
moving its furface with an iron iiiftrumeiit ; but the nio- 
ment the air was admitted, the whole mafs took lire, 
burning with a very confiderablc iioife, and darting its 
flames every way to a great dillaiice. 

Mr. Geoftroy repeated the procefs fevcral timi'S, and 
alwavs with the fame fuccefs, whether he ufed his own 
diajihon'tlc antimony, or that made in the common man- 
ner. The great caution to infiire the fuccefs, ieems to 
hi- taking care of not carrying the fire too far before the 
addition of the lull quantity of foap. Menv. Acad. Seicii, 

i^ar. 1736. 

Piiov'piioKus nf the hern-fone^ is a name given to llone 
{winch, when heated, becomes a fort of pholpborus) from 
Bern, in Swdt/erland, the place w'here it is found. 

'Phis fubftance was feiit to the members of the Royal 
Academy at Paris, by M. Bourguet, and referred by tln ni 
to the examination of M. dii bay, whole account of it is 
publilhcd in Mem. Acad. Paris, 1724. 

The Bern-ftone is of a moderate liardnefs, confiderably 
pellucid, and ufiially colourlefs, or whitilh, though foine- 
times with a tinge of green, yellow, or fomi* other colours: 
it is compofi'd of a number ol plates or flakes, laid ovtr 
one another in the manner ot the illand cryftal ; and, there- 
fore, like that body is plainly a fpar. It breaks into fcveral 
faces, and has different angles ; but of a fomew hat drtei^ 
minate meafure, the acute ones being of fixty degrees, and 
the obtufe ones of one hundred and twenty. 

This Hone, when heated at one of its angles with the 
flame of a lamp or candle, fplits by means ot the flamcks 
infinuuting itfelf into the interllices of the plates that are 
lefg firmly united ; and thefe feparate, and fome fragment* 
ufually fly off with confiderablc violence. One oi 
pieces, carried into an obfeure place, appears furrounded 


123 

ivith a blue flame, which kills about a mniuie. And it l 
to be obferved, th.Jt theli' pieces wliieh fly oil have all ih ' 
fhape of an irregular p)rami(l, with an iinevtn bafe. II 
tliis (lone be put into a crucible nml luiroumlcd with coals, 
it becomes a very beautiful pludphorus. whole hot* 

lorn of the crucible is feeii, even though it be m broad da) ^ 
light, (hilling with a bright and beautitul hlueilh white ; 
and if it be carried into a dark plai*e, tlu‘ bglit is ieeii 
much more beautifiilK . If, .dter it is cold, it be again 
healed in a crucible, in the fame maniit r, it (hews the (ame 
bright ajipearanee. After this, il il he tried a third time, 
it does iu)l fliine at all. iXecordlng to all llnde plu noineiia, 
the efleCts of fire ujnm this (lone leein to depend on a lul- 
phur contained in it, probably of the lame nature with 
that which enters the coinpoiition of tlie metals. I hii» 
may, by means of a heat, (uch as that given by the candle 
or in the crncilile, dileiigage itlelf lo far from the body of 
the ftoiic as to take fire ; and when it has burnt (o long as 
to cbiifiiiiie Itfelf, the luminous properly of the ftone feem* 
to ee.ile. 

'riie coloured gems are cryllals of a peculiar kind, tinged 
with what has been called lht‘ iulphur or phlogifton of 
met.iks ; this Iulphur gives them their colour, and conlc- 
queiitly it ought to give them tlie projierties of the Bern- 
flone, if it wen* not too fixed to be dillipatcd in the lame 
eaiy manner, and lo take lin* in the diffipation. And it 
ajipears, on trial, that tlie hallard emeralds of Auvergne 
and other places, tlie matrix of the amethyii, the frag- 
ments of lome of the accidentiil jafpers, the hyacinths, and 
fume fort of rubies, are all pbolphortiies of the nature of 
the Bern-flonc, but with diflerent degrees of bright nefs. 
The motiier of the emerald, the yellow jalper, the water 
fapphire, tin* malachite, the opal, and the garnet, have 
none of tliem any of tliis property. 

Since the f.ime (ulphura, which take fire in the Bern-ftonc, 
arc what give colour to llieie other ftones, it fhould feem, 
that thofe, which are not of this phofpliorus kind, nor give 
a light after being heated, flioiild not lofe their colours in 
the fire ; and tins is found to be true in the garnet, which 
does not lofe any part of its colour, nor is it at all lumi- 
nous ; wliereas the hyacinth, and fome of the jafpers and 
other ft ones, w hich lole a part of their colour, not the 
whole, in tlu* fire, become alfo in part luminous, or more 
fo, in degree, aeeordiug to the quantity of colour which 
they lofe. This, however, is no certain rule, fince tlir 
iiu>th»*r t>f the emerald, the topaz, and f une other ft ones, 
lofe all their ctilour, and )e: are not at all luminous. The 
reafon of this feems to be, that the fulphiirs are driven out 
of thefe Hones fo (lowK, and in fuch minute quantities, 
that they are not at any time colledted into body enough 
to be capable of flame. There is nothing to be objeaed 
as to the Bern-llone fliining ; thougli they are ufually white, 
they may poflefs no finaller portion of fiilphurs tlian the 
coloured Hones ; only in thole the fulpliurs may be colour- 
lefs, or white in themfclvcs. It may be poffible alio, that 
the fulpliurs in a llone of this kind may be difperfed in 
fuch (mull molecules, as not to form a body lufficient to 
give any colour; but when colle6ted, in order to be driven 
off in the fire, they may then be fufficient in quantity to 
give a blue tinge to the flame. 

The ifland cryftal, which is alfo a fpecies of fpar, and 
which greatly refembles this Bern-ilone in many particulars, 
flies to pieces alfo in the fame manner, on being heated ; 
and w'hen carried into the dark, this alfo gives fomc fparks 
of light, bat they are few in number, and loofeljr feathered 
over the furface : w’hcn this llone is burnt a little 111 the 
crucible, there is fome fmall appearance of flame, with a 
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fTTicll of fulplnir, and the matter in tlie bottom of the cru- 
cible is found (hattered to j^icc-s ; but all the pieces are 
reg^iihir pjr.dl.dopipeds, as was the original mafs. 

It is to be obferved, that the Bern-llone, and others of 
the fame kind, w hk'h only fliinc in the dark, and that only 
for a few minutes, when firft taken out of the fire, are, 
properly fpeaking, endued with no other luminous quality 
than that of a burning coal; but their light, having been 
generally unobferved, and requiring darknels to Ihew it, 
has obt.unetl hir them the fpecious title of phofphori, 

PiiosiTfOKi s, (J(iritori\r^ IS an artificial phofphonis, the 
method of preparing which was difeovered by the late in- 
genious Mr. Canton, and publdhed in tln^ Phil. Tranf. for 
lyfiK, vol. Iviii. p. 337, &c. 

'‘Phis is much fuperior to any fingle natural fubllance, 
and has tlie advantage of being very eafily and cheaply pre- 
pared. "idle procefs is as follows : calcine fome common 
oyder-niells, by keeping them in a good coal fire for half 
:m hour; let the pureli part of the calx be pulveri/ed, and 
llfled ; mix with three parts ol this powder one part of 
the flowers of fulphur ; let this mixture be rammed into a 
crucibl'' of about an incli and a half in depth, till it be 
nimolt iull ; and lt*t it be placed in tlie middh* of the tire, 
wluTe It mult be kept red-hot for one hour at lealt, and 
t!ien fet by to cool : when cold, turn it out of tlie crucible, 
;uid cutting, or breaking it to pieces, ferape off, upon trial, 
the briglitidl jiarts ; wdiich, if good phofphonis, will be a 
white jiowder, and may be preferved by keeping it in a dry 
phial with a ground flopple. The quantity of light wdiich 
*a little of tins phofphonis gives, w'hen firit brought into a 
dark room, afttT it has been expofed for a fenv feconds, 
on the outfule of a window to the common light of the day, 
is fnfficient to difeover the time by a watch, if tlie eyes 
liave been (hut, or in the dark, for tw’o or three mmuteb 
before. By this phofpliorus celeftial objecls may be very 
well reprefeiited ; as Saturn and his ring, the phafes of the 
moon, ike. if the figures of them, made of w'ood, be w'etted 
w'lth the vvliitc of an egg, and then covered wnth the phot- 
plionis. And thefe figures appear to be as ftroiigly illumi- 
nated in the night, by the flafh from a near difeharge of an 
i:le(^trificd bottle, as by the light of the day. This j»hol- 
pliorus receives no injury from being expofed to the dired 
rays of the fun, which is the cafe of fome of the more de- 
licate kinds, as Beccarius has remarked, and Leincry fup- 
pofed with all. flowTver, it cannot be expofed to moiflurc 
without lofnig its property of imbiliing and emitting light, 
and alfo its whitenefs. Mr. Canton found, that it was 
more affecled by mixture with fpirit of wine than with 
<ther. It had been long known, that beat prt>motes the 
expulfion of the light, which has been formerly inibibed by 
tlicle phofpbori. Montzel, w'ho w’rotc foon after the dil- 
covery of Baldwin’s phofphorus, afferted, that it had the 
proptrty of becoming luminous. by heat only; the fame 
iicM w as obferved by M. du Fay ; but the j)rinciple on 
which it depended w'as difeovered by Beccarius, M. Mar- 
gr.uif, and Mr. Canton, independently of one another. 
Beccarius w'as firft of opinion with Ment/el, that the light 
was produced by heat ; but finding by repeated trials, that, 
without previous expofmg to tlK‘ light, heat had 110 effect, 
tu* relinquifhcd that opinion. M. Margraaf fell at firft into 
the lame miflake with Beccarius ; but he afterwards ob- 
ferved, that the phofphorus would not Ihiiie by being 
pl.iced upon a hot furnace, unlels it had been expofed to 
the light two or three days before. Upon the whole, he 
concludes, that the light is held in this fubftance by attrac- 
tion, and afterw'ards expelled by heat. Mr. Canton alfo, 
without any knowledge of the obfcrvalions of Beccarius 
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and Margraaf, found by a variety of experiments, that, 
W'hen his phofphorus had imbibed light, and had emitted all 
that it could in the common Hate of the atmofph'cre, it 
w'ould emit more upon the application of heat, but that 
a continuance of the fame degree of heat w'ould only make 
it luminous for a certain time. Whence he infers, that 
there is a llrong attradlion between light and the particles 
of natural bodies : and that the ftrong vibrations into 
which heat throw's them, compels them, as it were, to 
quit their hold of each other ; and .the light, which this 
phofphorus gives, by being heated to a certain degree, ap- 
pears to be caufed by its throwing off adventitious par- 
ticles, and not by any of its own ; fince its light will de- 
creafe, and be entirely gone, before the phofphorus be hot 
enough to fhine of itfelf, or to emit particles of light from 
its own body. Lemery and Mufehenbroeck have obferved, 
that the Bolognian phofphorus imbibes lefe light when hot 
th.in cold ; becaufe it appears lefs bright when Ccuried into 
a dark room ; but this circumllance is accounted for by 
Mr. Canton, by its parting with its light fafter when hot 
than when cold, and, therefore, parting with more in the 
time of the conveyance from one place to another ; and 
this, he allb fays, feems to be the caufe w'hy the Bolognian 
phofphorus never appears fo bright after it has been illumi- 
nated, and, confequeiitly, in forne meafure heated, by the 
direct rays of the fun, as after it has been only expofed 
ill the fliaded open air to the common light of the day. 
However, tluTc is reafon to imagine, that the fame degree 
of heat, w’hich difpofes the phofphorus to throw off the 
light after it has been imbibed, mull likcw'ife render it in- 
difpofed to receive it. For an account of the refult of 
Mr. Canton\s experiments on this fubllance in favour of the 
materiality of light, fee Light. 

PiiospiioRDs, tVilfon^Sy a fubllance belonging to the 
clafs of folar phofpbori, which Mr. B. Wilfon dilcovered, 
and which is one of the fimph ll and moll powerful of all the 
phofpbori belonging to thi^ clafs. The method of pre- 
paring it is as folio w'S ; Sele^l twenty oyfler-fhells, the 
thicker the better; then take from a fire that is brifkly 
burning, mod of the flaming coals, but not all of them ; 
drew’ tlie fliells over tlic furfaee, and replace llu* coals that 
have been taken ott*. In about an liour’s time take out the 
calcined flielb, breaking them as little as podible ; and after 
expofiiig them for a few minutes to the light, they will be 
found to have acquired a high degree of phofphorefcence, 
glow ing in the dark, in u very beautiful manner, wdth moll 
of the prilmatic colours. If the Ihells are fufficiently heated 
in a clofe crucible, they w'ill exhibit prifmatic colours, 
chiefly blue and green, though not fo bright as by the 
former method. Jl tlie calcination is efiefted in an iron 
crucible, all lliofe parts of the fhells that are in contadf w'ith 
the fides of the cnu'ible will glow with a red light. The 
contact of inflammable matter, and particularly charcoal, 
W'lth tlie diclls during calcination, appears very much to 
contribute to the brilliancy of the pholphorus : hence it is, 
that if the diells are calcined in a crucible in conta6l w'ith 
thin plates of Heel, the phofphorus thus produced w'ill be 
much more bright, and of more various colours, than where 
plates of iron are employed ; and, pn the other hand, if flat 
pieces of charcoal are made ule of, the intenfity of the colours, 
efpecially the blue, green, and red, is far greater than in 
ihofe produced by lied. 

The colour of the light, in moft phofpbori that have been 
prefented to the light, and that are then curried into the 
dark, is wliite or reddifli-white ; but in Wilfon’s phof- 
phorus, not only wdiite colours, but all thofe of the prifm 
make their appearance, fometime» being all united in a 



PHOSPHORUS 

Imell of fiilpluir, and the matter in the bottom of the cru- 
cible is found fhattered to pieces ; but all the pieces are 
regular parallelepipeds, as was the original mafs. 

It is to be obferwd, that the Bern-llone, and others of 
the fame kind, wliich only Oiine in the dark, and that only 
for a few minutes, when firll taken out of the fire, are, 
properly fpeaking, endued with no other luminouH quality 
than that of a burning coal ; but their liijlit, having been 
generally unobferved, and requiring darLicfs to Ihew it, 
has obtained for them the fpreious title of pho/phorL 

Phosphorus, Canton ' s , is an artificial pholphorus, the 
method of preparing which was difeovered by tlie late in- 
genious Mr. Canton, and publiflied in the Phil. Tranf. for 
1768, vol. Iviii. p. 337, &e. 

This is much fupenor to any fingle natural fubllance, 
and has the advantage of being very eafily and cheaply pre- 
pared. The procels is as follows : calcine fonu* common 
oyller-fliells, by keeping tlicm in a good coal fire for half 
an hour ; let tlie pureil part of the calx be pulverized, and 
fifted ; mix with three parts of this powder one part of 
the flowers ol liilphiir ; let tliis mixture be rammed into a 
crucible of about an inch and a lialf in deptli, till it be 
almoll full ; and let it bt‘ placed in the middle of the fire, 
where it mult be kejit red-hot for one hour at leaft, and 
then fet by to cool ; when cold, turn it out of the erucihle, 
aiid cutting, or breaking it to pieces, ferape off, upon trial, 
the brightelt parts; wliieh, if good phofphorus, will be a 
white powder, and may be preferved by keeping it in a dry 
phial with a ground ftopple. The quantity of Hglit which 
a little of this pliofphonis gives, wlien firll brought into a 
dark room, after it has been expofed for a few leconds, 
on tbc;outnde of a window to the coininoii light of the day, 
IS fiifflcient to diiVover the time by a watcli, if the eye# 
have been Ihut, or in the dark, for two or three minutes 
before, liv this phofphorus ceh llial objects maybe very 
well reprefented ; as Saturn and his ring, the phales of the 
moon, &c. if the figures of them, made of wood, he wetted 
with the w hite of an egg, and then covered wntli the phol- 
phorus. And thefe figures appear to be as ftrongly ilhimi- 
iiateil in the night, by the Hath from a near difeharge of an 
electrified bottle, as by the light of the day. Tliis phol- 
phorus receives no injury from being expofed to the direct 
rays of tlie fun, which is the e.ile of iome of the more de- 
licate kiiuU, as Beccarius has remarked, and l^emery fup- 
pofed with all. Ilowev j, it cannot be expofed to moifliire 
wnthoiit Jofnig its property of imbibing and emitting light, 
and alio its whiteneis. Mr. Canton found, that it was 
more affected by mixture with fjiirit of wine than with 
ether. It had been long known, that heat promotes the 
cxpullion of the light, which has been formerly imbibed by 
thefe phofphon. Ment/el, who wrote fooii after the dif- 
covery of B.ildwin’s phofjihorus, afferted, that it had the 
property of hetoming luminous by heat only; the fame 
fa6l was obferved by M. du Fay ; but the principle on 
which it depended was dilcovered by Beccarius, M. Mar- 
graaf, and Mr. C.mton, iiidi'peiulently of one another. 
Beccarius w^as lirft of opinion wnth Merit zel, that the light 
was produced by heat ; but finding by repeated trials, that, 
without previous expofing to the light, heat had no effecl, 
he relinquifhed that opinion. M. Margraaf fell at firll into 
the fame millake with Beccarius ; but he afterwards ob- 
ferved, that the phofphorus tvould not fhine by being 
placed upon a hot furnace, unlefs it had been exjiofed to 
the light two or three days before. Upon the w'hole, lie 
concludes, that the light is held in this fubllance by attrac- 
tion, and afterwards C3y>clled by heat. Mr. Canton alfo, 
n'ilhout any knowledge of the obfervations of Beccarius 
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and Margraaf, found by a vanet\ of experiments, that, 
when his phofphorus had imbibed light, and had emitted all 
that it could iti the common Hate of the atmofphere, it 
would emit more upon the application of heat, but that 
a continuance of the fame degree of heat would only make 
it luminous for a certain lime. Whence he infers, that 
there is a llrong attradtioii between light and the particles 
of natural bodies : and that the llrong vibrations into 
which heat throws them, compels them, as it w^ere, to 
quit their hold of each other ; and the light, which this 
phofphorus gives, by being heated to a certain degree, ap- 
pears to he cMufed by its throwing oil adventitious par- 
ticles, and not by any of its own ; fince its light will de- 
creafe, and he entirely gone, before the phofphorus bt‘ hot 
enough to fhiiie of itfelf, or to emit particles of light from 
its own body. Fernery and Mufchenbroeck have obferved, 
that the Bolognian phofphorus imbibes lefs light when hot 
than cold ; hecaiile it appears lefs bright when carried into 
a dark room ; but this circumllance is accounted for by 
Mr. Canton, by its parting witli its light faller when hot 
tlian when cold, and, therefore, parting with more in the 
time of the ctmveyance from one place to another : and 
this, he alio fays, feems to be the caule wliy the Bolognian 
phofjihonis never apjiears fo bright after it has been illumi- 
nati'd, and, confequently, in fome mealure heated, by the 
diredl rays of the fun, a# after it has been only expofed 
in the lhaded open air to tlie common liglit of the day. 
However, there is reafon to imagine, that the fame degree 
of heat, which dilpofes the phofphorus to throw off the 
light after it has been imbibed, mull likevvife render it iii- 
difpofed to rt‘ceive it. For an account of the refult of 
Mr. Cantonas experiments on this fubllance in favour of the 
materiality of light, fee Fioirr. 

Pjiospi 10 Ill’s, Wilfon's, a fubllance belonging to the 
dais of folar jihofphori, wliieh Mr. B. Wilfoii difeovered, 
and which is one of the liinpleli and moll powerful of all the 
phofphori belonging to this dais. The method of pre- 
paring it is as follows : Select twnmty oyller-lhdls, the 
thicker the belter ; then take from a fire that is briflely 
burning, moll of the flaming coals, but not all of them ; 
llrew the fliells over the furface, and replace the coals that 
have been taken oil. In alioiit an bourns lime take out the 
calcined flielKs, bn aking them as little as poffiblc ; and after 
expofing them fur a lew' minutes to the light, they will be 
found to have ai ijuired a higli degrir of phofphorefcence, 
glowing in the dark, in a very beautihil manner, wdth moll 
of the prifmatic colours. If the Ihdls arc lufficiently heated 
in a dofe crucible, they ill exliibit prifmatic colours, 
chiefly blue and green, though not fo bright as by the 
former method, if the Cidcination is dle^Ied in an iron 
crucible, all ihofe parts of the Aiells that .ire in contad with 
the lides of the crucible will glow with a red light. The 
coiitacl of inflamm:d)le matter, and particularly charcoal, 
with the fhells during caltiiiatioii, apjiears very much to 
contribute to the brilliancy of tlie phofphorus : hence it is, 
that if the Ihdls are calcined in u crucible in eontad wdth 
thin plates of lied, tlie phofphorus thus produced will be 
mucli more bright, and of more various colours, than where 
plates of iron are employed ; and, on tlie other liand, if flat 
pieces of charcoal are made ufe of, the intenfity of the colours, 
efpecially the blue, green, and red, is far greater llwii in 
thofe produced by fteel. 

The colour of the light, in moll phofphori that have been 
prefented to tlic light, and that are then carried into the 
dark, is white or reddilh-white ; but in Wilfon's phof- 
phorus, not only wdiite colours, but all thofe of the prifm 
mal(:e their appcaranccy fometimes being all united in a 




PIER, iii BuUiiingy derived from the French p'lerre^ a 
ftonef denotes a mal's of ftonc, &c. oppofed, by way of 
fortrcfs, againlt the force of the fea, or a great river, for 
the fecurity of fhips that lie at harbour in any haven, fuch 
arc the pier of Dover, deferibed by Camden Brit. &c., the 
pier of Ramfgatc, and the haven pier of Great Yarmouth# 
mentioned 22 Car. IL 

Pi£R.s are alfo ufed in ArchiteSture for a kind of pilafters, 
or buttreffes, railed for fupport, ftrength, and £ometiine'« 
for ornament. 

Piers, Circular ^ are called m^^ve columns^ and they are 
with or without caps, and arc frequently feen in Saracenic 
architefture. 

Piers oJ a Bridge* See Bridge. 

M. Belidor obferves that, when the height of the piers iv 
about fix feet, and the arches arc circular, it is fufficient to 


make their thicknefs the fixth part of the width of the arch, 
and two feet more ; but when the arches become of a great 
fpan, the thicknefs of the piers may be reduced to the lixth 
part ; but then the depremon of the two feet doth not take 
place at once ; that is, in an arch of above forty-eight feet, 
three inches are taken off for every fix feet ot incrcafe ol 
the width of the arch. The thicknefs of the piers fup* 
porting elliptic arches is greater than in the former propor- 
tion : thus, in an arch of feventy-live feet wide, the thick- 
iiefs of the pier, whofe height is about fix feet, (hould 
be 13.5 when tlie arch is circular, and fifteen feet when it 
is elliptical. 

The fame author makes the abutments one-lixth part 
more than the piers of the largell arch. 

Mr. Muller has calculated the following table, contain- 
ing the thicknefs of the piers of bridges. 


Table containing the Thicknefs of the Piers of Bridges. 
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PIER 

The firft horizontal line expreffe* the height of the piera 
in feet, from 6 to 24 feet, each increafing by 3 : the firft 
vertical column, the width of arches from JO to too feet, 

for every J feet. , , r r • < t 

The other columns exprefs the thicknefs of piers in feet 

and decimals, according to the refpedive height at the head 
of the column, and the width of the arch againft it in the 
firft column. 

Redangular piers are feldom ufed but in bridges over 
(mail rivers ; in all others they projed from the bridge by 
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a triangular prifm, which prefcnts an edge to the Itream, m 
order to divide the water more eafily, to prevent the ice 
from (heltering there, as well as veffels from running foul 
againft them. Tliis edge is terminated by the adjacent fur- 
faces at right angles to each other at Weftminfter bridge ; 
but thofe of the Pont-roy.il, at Paris, make an acute angle 
of about 60'’. However the French, in their later con- 
ftruftions, make this angle to terminate by two cylindric 
furfaces, whofe bafes are arcs of 60 degrees. Muller's 
Praft. Fortif. part iv. fed. 1. p. JCI. &c. 



Piles 


PjI-KS, in Hydraulic Architedure^ are beams of timber, or 
(lakes of wood, driven (irmly into the ground, for various 
purpofes ; as, for forming a fiHl foundatior for buildings, 
piers of bridges, &c. ; in which cafes they are driven quite 
down into the ground, or are cut off level with its furface, 
with a view of obtaining a folid bearing for the weight of 
the (lru6lure which is to be raifed. 

Amderdam, and fomc other cities, are wholly built upon 
mles. The ftoppage of the breach in the banks of the 
Thames at Dagenham, was cfi‘e6led by dove-tail piles ; that 
is, by piles inortifed into one another by a dove-t ail joint. 

Piles are not employed for foundations unlefs the ground 
IS fufpeAed to be unfound, or when the weight to be borne 
is exceedingly great. They adl to make the foundation 
folid, by reaching deep into the earth, down to a more fub- 
ftantial (Iratm ^.than that of the furface. Indeed, the manner 
of fixing the piles, by driving them by repeated blows of a 
powerful machine till they will go no farther, cnfurcs that 
they come to a good bearing. There are inftances of piles 
being driven down twenty-five feet, before they were thought 
fufficiently firm. 

Piles are alfo ufed for making the faces of wharfs, banks 
of rivers, piers for the fea, &c. For thefe purpofes they 
arc driven in rows, but only a fufficient depth in the earth to 
make them (land firm, and fupport the planking or framing 
which is fixed againft them. Thefe piles are uiually driven 
rather in an inclined pofition. For temporary defence againft 
the water, in laying the foundation of bridges, &c. piles are 
always required. *^l'hey arc employed in different ways to 
form an enclofure, or water-tight wall, called a coffer-dam, 
round the area where the work is to be laid, and from which 
fpace the water is drawn by pumps. This is the mod diffi- 
cult of all kinds of piling ; becaufe it muft (land a great 
height above the ground, have fufficient ftrenglh to refift 
the preflure of water, and be perfectly clofe and tight. In 
navigable rivers detached piles are driven, and very firmly 
fixed, to mark the enclofures where barges are to lay, and 
to fender off others from them, as well as to moor them to. 

Piles are in general formed of a fqiiare timber, tapering 
if the tree happens to be fo, cut to a (harp point at one end, 
and (hod with iron to enter the ground. The other end was 
bound by a ftrong iron hoop, to prevent the pile head fplit- 
ing by the violence of the blows which drive it down. 
When they are to be driven quite below ground, fmall 
trees, if fufficiently ftraight, may be ufed without fquaring ; 
but for coffer-dams fquare piles are always ufed, except that 
for filling up a row between fuch fquare piles. When they 
are to touch each other, flat ones, called pile planks, are ufed ; 
they are three or four inches thick, according to the depth 
of water, and have giooves formed in their adjacent edges, 
to receive tongiies or (lips of wood, which make the joints 
quite tight. To cnclofe an area for a coffer-dam, two rows 
or walls of piles are ufually driven one within the other, at a 
diftance ufually equal to the depth of water they are driven 
in, or if the current is rapid, once and a half. The fpace 


between thefe is filled with clay, fo as to form a mound or 
rampart of clay, defended on ,the outlidc and infide by 
w^ooden walls of piles. To make thefe walls, large fquare 
piles are firft driven at a diftance of ten or twelve Teet afun- 
der, in the line of the intended range of the dam ; horizontal 
tye beams arc then extended from one pile to the next, on 
tile infide, each tye being notched into the piles, fo that its 
outer edge is in a line with the infide of the groove for the 
plank piles, which are to be driven down to fill up the 
fpaces between the piles, and will be guided by thefe tyes 
to (land exa£lly vertical, and in a ftraight line. The firft 
plank piles are begun to be fixed adjacent to the main piles, 
and thus they proceed from both ends of the fpace between 
the piles, till the planks meet in the centre, where the laft 
plank is inferted, and being formed rather wedge-like, 
makes all the reft tight. Tlio pile planks are cut inclined, 
or wedge-like on one fide only, to form the point, by which 
means the point is the line of one of the edges of the plank. 
When a plank pile is to be driven adjacent to another, this 
edge is applied to the one already fixed, and then as it is- 
driven, the inclined or wedge-like edge entering the ground, 
caufes the pile to approach, and prefs very clofe to its 
neighbour, and it is chiefly by this means they are made to 
fit water-tight. The fillets are made by fpiking a ledge oi 
ruler of wood faft upon the edge of one plank, and a 
groove of correfponding depth and width is ploughed in 
the edge of the adjacent plank to receive it. Many dif- 
ferent machines are ufed to drive piles into the ground ; fome 
of them arc w^orked by a great number of men, who raife 
a heavy weight a fmall height, and let it fall upon the pile, 
till, by reiterated blows, they drive it to the required depth. 
The machine employed is extremely fimple. A long thick 
plank of wood is fixed up clofe to the pile, having a mortife 
through the upper end, in which a pulley is fitted ; a rope 
goes over this to fufpend the rammer, which is a large block 
of hard wood, properly hooped, to prevent it from fplit- 
ting. In rifing and falling, it Aides againft the face of the 
plank, and is guided by irons, which are fixed to the ram, 
and are bent round the edges of the plank in the manner 
of hooks. The plank, when placed upright, is fecured by 
guy ropes, in the manner of the mall of a (hip ; the end of 
the great rope which fufpends the ram, has ten or twelve 
fmall ropes fpliced into it, for as many men to take hold, 
and work it by ; they raife the ram up two or three feet by 
pulling the ropes all tojjether, and then letting them go, 
the ram falls upon the pile head. When the pile becomes 
firm enough to caufe the ram to rebound, they take care to 
pull the ropes inftantly after the blow, that tney may avail 
themfelves of the leap it makes. 

This is the fimpleft form of the machine. Others, inltead 
of a plank, have two upright beams attached togetlier, at 
fuch a diftance afunder, as to leave an opening between them, 
for the reception of a piece of wood which is affixed to the 
rain, and by this means it is guided. Inftead of guy ropes, 



PILES 

ihefe are ufually fixed upon a bafc, confifting of a trian- 
gular frame, upon one angle of which the uprights are 
eretied ; and from the other two angles, braces arife, which 
are fo inclined as To reach the uprights at half or two-thirds 
of their hciglit to fteady them. This plan is very conve- 
viont for driving piles in corners ; but for driving rows, it is 
more advantageous to have the uprights fixed at the middle 
of one fide of the triangular bale, and have ftays from all 
the three angles. A machine of this kind, with a ram of 
beech four leet long and one foot fquare, may be worked 
by ten or twelve men, at the rate of twenty-four blows per 
minute, and fixes the pile very quickly. 

To eftimate the force of the rammer made ufe of to drive 
piles, its weight ought to be multiplied into the velocity 
It acquires in falling. Thus, if a rammer which weighs 
yoolb. be let fall from four feet, it will fall that height in 
half a feconJ, and have at the time of percuflion a velocity 
capable to carry it uniformly eight feet in half a fccond, 
wit flout any farther help from gravity ; fo that we miift 
multiply 500 by 16, or its weight by the number of feet it 
would fall in a fecond, and the produdf 8000 gives the mo- 
mentum of the ftroke. If a capfian, pullies, or windlafs, 
be made to raife the rammer to a confiderablc height, and 
then, by an eafy contrivance, loofen it at once from its 
hook, the momentum of the Itroke will always be as the 
fquare root of the height from which the rammer fell. 

Notwithftanding the momentum, or force of a body in 
motion, is as the weight multiplied by the velocity, or 
iimply as its velocity, when the weight is given or conltant ; 
yet the effeiSt of the blow will be nearly as the fquare of 
that velocity ; the efl td being the quantity the pile is driven 
into the ground by the ftroke. For the force of the blow, 
wliieh 18 transferred to the pile, being deftroyed in fomc 
certain definite time by the friftion 01 the part which is 
witlnn the? earth, which is nearly a conftant quantity, and 
tin fpaces in conftant forces being as the fquarcs of the 
velocities ; therefore, the effo 6 l 8 which are thofe fpaces f^unk, 
an* nearly as the fquare of the velocities, or, which is the 
fame thing, nearly as the heights fallen by the ram or hammer 
to the head of the pile. Sec upon this fubjeift Leopold, Be- 
lidor, alfo Dcfaguliers’s Exper. Philot. vol. i. p. 336, 
and vol, ii. p. 417, and Philof. Tranf. 1779? p* 120* 

For large works, fuch as bridges, &:c., the piles are 
driven by a different kind of machine ; this has a very heavy 
iron ram, with mechanical powers', by which it is raifed to 
a confiderable height, and then let fall, inllead of continually 
repeating fmall blows. Thefe are fometimes worked by 
horfes, or fteam-engincS : fee elevations of one, \r\Jigs. 1. and 2, 
Plate XXXV. Mechanics. A, A, are the uprights, ereacd 
on the frame 15 , and fupported bv the braces C ; they arc 
conuedfed by the crol'j feet a at bottom, and the piece D 
at top ; in this the pulley b for the rope d is fitted. Fillets of 
iron are fixed withii fide the uprights A, A, and enter ri ooves 
nuide in the edges of the great iron ram E, which is thereby 
guided as it riles and falls ; F is a piece, called the follower, 

3 and 4.) ; it is a wooden block, fiiding betweem the 
uprights, and mortifed to receive the iron longs e, which 
take hold of an eye upon the top of the eait iron ram : the 
rope is attached to the follower by an iron loop /, through 
which the centre pii» of the tongs paffeo. On the bafe, a B, 
of the machine an iron frame is boiled, to contain the wind- 
lafs G, on which the rope d wind^^. On the end of the 
windlafs a cog-wheel, p, is fixed, and a pinion upon the axis, 

/>, engages its teeth. Motion is given to the fpindle h by the 
wSnbhts it fixed on each end of it, and the fly-wheel, /, re- 
gulatcs its motion, when turned by twom n at eath l andlr*. 

pile is of courfe included in the between tiic two 
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uprights. A, A, before it is driven down } and the ram, being 
engapd by the tongs r, is drawn up by turning the han- 
dle, i, till the tails, n, of the tongs come to the inclined 
planes m. Jig, i ; by thefe they are clofed together, which 
opens the lower ends, difengages them from the eye of the 
ram, and it falls upon the head of the pile immediately. The 
men at the handles fhift the fpindle h endways, which dif- 
unitds the pinion from the wheel, and then the weight of the 
follower, F, runs back the windlafs G, and defeends till its 
tongs take hold of the ram, ready to take it up again. The 
inclined planes, m, are not fixed to the uprights A, A, but 
are connected together by pi<*ce8 of wood, which embrace the 
uprights, and thefe have holes through them to receive iron 
bolts, which alfo pafs through the uprights. By this means 
the inclined planes can be fliifted, to fet them at any required 
height, tlrat they may, by difeharging the ram at the proper 
height, give a blow proportioned to the pile which is to be 
driven by it. The tongs are fometimes made with rollers in 
the ends n, n, as fhewn in Jig, 1 2, that they may aft more 
eafily in the inclined planes. Other machines have a kind of 
latch, fliewn in Jig, ii, inftead of the tongs ; in this f re- 
prefents the iron loop for the rope ; the centre pin of it 
pafl'es through the latch r j /, which catches the eye of the 
ram by the hook/, and is difehargedby the line r, when the 
men fnatch it. The weight s is to caufe the hook to catch ; 
the loop f is attached to a wooden follower, which guides it 
between the uprights. 

Machines of this kind arc frequently aftuated by fteam-cn- 
gines. A pulley, which is fixed on the cud of the fpindle h, 
in place of the handle k, receives an endlefs rope from fomc 
wlieel put in motion by the engine ; one man then attends it, 
to throw the fpindle endways at the proper time, to permit 
the defeent of the follower ; but we have feen one in 
which levers, and a connefting rod from the inclined plane, 
w, were ufed to difengage the fpindle the moment after the 
follower difeharges the ram ; by adopting thefe means much 
expence of labour would be faved, as the fame ftearn-engine 
w’hich is afterwards to be employed in pumping out the w*alcr 
of the coffer-dams, would drive the piles for them and the 
foundations. 

The piles of the works of Wellminftcr-bridge, whilft it 
w^as building, were driven by a horfe-machine invented by 
Mr. Valouc. A pair of the uprights, fuch as reprefented 
at Jigs, I and 2, but thirty feet high, were erefted at one 
end of a frame, whicli fupported a vertical fhaft, turned 
round by the horfes, and the framing was of rourfe large 
enough to admit a circular walk of uifficient fize for them 
to work in, wlicii they drew the ends of arms or levers pro- 
jefting from the vertical fiiaft. The whole was erefted upon 
a platform, which was built over a barge in the manner of a 
deck. The vertical ftiaft had a wheel or drum upon it, to 
wind up the rope of the follower, and it was in the conftruc- 
tion of this part that the invention lay. A feftion of the 
upper part of the vertical ftiaft and drum is given in Jig, 8, 
and a plan in Jig, 9. Here A is the great upright ftiaft, or 
axle, turned by the horfes attached to the levers, which are 
not ftirwtt. The c(»g-wheel, B, turns the pinion X, having 
a fly, O, at the top to regulate the motion, and to aft 
agaiiift tlic horfes, ii’id keep tJiem from falling, when the 
heavy ram is difengaged to drive the pile down into the eartli 
in the bottom of the river. The drum, C,*is loofe upon the 
axle of the ftiaft A, but is locked to the w'heel, B, by the bolt 
Y. On this drum the great rope, H, is wound, one end of it 
being fixed to the drum, and the other to the follow*er, 
pairing over proper pulleys. In the follower are contained 
the tiiiigb', whieli lake hold of the ram, by the ftaplc for 
drawing it up, in tie fame manner as deferibed 2 \ 
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D is a fpiraly or fufee fixed to the dram C, on which winds 
the fmall rope T ; it goes over a pulley, and has a fmall 
countcrpoifc hung to the end of it, whicli hinders the fol- 
lower from accelerating as it goes down to take hold of the 
ram ; for as the follower tends to acquire velocity in its 
defeent, the line, T, winds downwards upon, the fufee on a 
larger and larger raditis, by which means the counterpoife 
a6>s llronger and fi.rongcr againii it ; and fo allows it to 
come djwn with only a moderate and uniform velocity. 
The bolt, Y, locks the drum to the great wheel, being pufhed 
upwards by the fmall lever 3, which pafles through a mor- 
tife on the (haft A, and t.irns upon a pin ; the lower end of 
the bolt is guided by palling through a piece of uood, 6, 
fix od into the great ihaft, and the upper pafles through an 
arm of th»^ e/heol ; tlie lever, 3, has a weight, 4, which al- 
ways tends to pulh up the bolt, Y, through the wheel into 
the drum ; G L is the great lever, turning on the centre m, 
and ndling its end, G» upon the fi)rcing bar 5, wliich goes 
clown through a hollow in the fhaft A, and bears upon the 
little lever 3. The other end of the lever, L, is long 
enough to reach to tlie uprights, and has there a fmall rope, 
extended from the end of it up to the inclined planes, fo 
that the follower, wlien drawn up to the highefl, draws this 
rope, and raifes the long end, L, of the lever, dtpreliing the 
other, and the forcing bar 5. By the horfes going round, 
the great rope, H, is wound about the drum C, and the ram 
is drawn up by the tongs in the follower, till they come be- 
tween the inclined planes, wliich, by fliutting the tongs at 
the top, open them below, and fo difeharge the ram, which 
falls down between tlie uprights upon the pile, and drives 
it by a few flrokes as far into the ground as it can go, or as 
is deflred ; after which the top part is fawed off clofe to the 
mud, by an engine for that piirpofe. Immediately after the 
ram is difchargcd, a piece upon tlu? follower takes hold of 
the rope, which raifes the end, L, of the lever L G, and 
caufe its end, G, to defeend, and prefs down the forcing- 
bar, 5, upon the little lever, 3, whicli by drawing down the 
bolt Y, unlocks the drum, C, from the great wheel B ; 
and then the follower being at liberty, comes down by its 
own weight to the ram ; and the lower ends of the tongs 
flip over the eye of the ram, the weiglit of their heads 
caiifing tliem to fall outwards, and fallen upon it ; then the 
weight, 4, puflies up the bolt, Y, into the drum, which 
locks it to the great wheel, and fo the ram is drawn up as 
before. 

As the follower comes down, it caufes the drum, C, to 
turn backward, and unwinds the rope from it, while the 
horfes, the great wheel, pinion X, and fly, go on with an 
uninterrupted motion ; and as the drum is turning backward, 
the counterpoife is drawn up by its rope, T, winding upon 
the fpiral fufee D. 

There are fevcral holes in the under fide of the drum, and 
the bolt, Y, always takes the firft one that it finds, when 
the drum flops by the falling of the follower upon the ram, 
till which ftoppage the bolt has not time to flip into any of 
the holes. But the fame effedl is more certainly produced 
by a crooked lever, /, fig, 9, fixed on the framing R, over 
the end of the vertical (haft ; one end of this has a roller, 
which is prefled upon by the great rope, H, the other 
end holds down the eaten, 5, of the forcing-bar, but as 
foon as the great rope flackens, it retires, and gives liberty 
to the fmall lever, 3, to pufli up the bolt. As long as the 
great rope has a tenfion upon it, to fupport the weight of 
the ram or follower, the crookecl lever is kept in dole con- 
tact with the forcing-bar, and when that is deprefled, (to dif- 
eharge the bolt Y,) by locking over its catch, 5, the 
crooKed lever keeps it down, till the follower touches the 
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ram ; the great rone then flackens, and the fpring, v 
difeharges the crooked lever from the catch of the forcing 
bar, and gives liberty to the fmall lever, 4, to pulh up the 
great bolt, and to lock the drum to the great whed, and 
the ram is drawn up again as before. 

The peculiar advantages of this engine are, that the 
weight of the ram, or hammer, may be raifed with the force 
of horfes inftcad of men ; that when it is raifed to a proper 
height, it readily difengages itfelf, and falls with the utmofl: 
freedom ; that the forceps or tongs arc lowered down 
fpeedily, and inflantly of thcmfelves again lay hold of the 
ram, and lift it up ; on which account this machine will 
drive the greateft number of piles in the lead time, and with 
the fewefl labourers. 

The piles at Weflminfler bridge, when driven by the above 
machine till they were quite firm, were cut off, under water, 
by a machine, to be level with the furface of the ground to 
found the piers upon. This machine confifted of a framing 
which was adapted to fit upon the upper part of the pile, 
and could he fixed fall thereto. The lower part of this frame 
formed guides for the faw, which reciprocated horizontally 
at a certain depth beneath the top of the pile, and had 
wt'ights to caufe it to advance up to the cut. The faw was 
put iu motion by ropes from each end, which were con- 
duced, over proper pullies, to two men flanding on a float 
or raft at the furface. After fixing the machine, before the 
fawiug v\as begun, the whole machine was fufpended by a 
tackle, which tlierefore took up the top part of the pile with 
the machine as foon as it was cut off. This was the invention 
of Mr. Etheridge, carpenter to the works at Weflminfler 
bridge ; it was very effeCivc, as the time employed in cutting 
off a fir pile of 14 or 16 inches fquare, in ten feet depth of 
water, was feldom more, and often lefs, than a minute and 
a half. A machine, more convenient than this in its applica- 
tion, and not lefs effeCive, has been fiiice invented by Mr. 
Foulds, to whom the Society of Arts prefented a gold medal 
for the invention ; fee Jigs, 5 and 7. A A B is llie ex- 
ternal frame, confifting of four parallel rails A, framed into 
two others, B, at rit^it angles, with proper crofs pieces to 
unite them, and inclined to ftrengthen tne whole ; within 
this frame a fecond, or internal frame, D E, is lituated; like 
the other, it has four parallel pieces, D and E, conncCcd 
together into one frame by crofs pieces ; at the top it has 
two pieces which reft upon the beam B, and fufpend 

its weight, and on thefc it is capable of fliding backwards 
and forwards between B B, always preferving its paral- 
Iclifm, bccaiife it is moved by the racks, dy affixed to it, 
one at top, and the other at tlie bottom ; the pinions for 
hotli arc fixed on a \crtical axis r, fupported in the external 
frame ; therefore, by turning the handle r, the internal frame 
with the faw is advanced to the pile, as at K, ^^. 6. The 
faw itfelf is fiiftained in a frame L, Jig, 7, which fits, in the 
manner of a fafli frame, between the two beams, D, of the 
internal frame, and has racks, (dotted) behind it, which 
work in pinions on an nxhgy extended acrofs the frame, and 
by the handle, y, of this it is capable of being drawn up and 
let down, or detained at any height by a ratchet-wheel and 
click * ; the faw, m, is fixed upon a fpindle N, fupported in 
bearings on the frame 1,, and turned by the handle, R, at the 
top 5 the faw is connected with the fpindle by a piece of 
iron Py having a mortife through it for the reception of the 
fpindle, to which it is faflened by a nut beneath : by this 
means the faw’s edge may be advanced as the work goes on« 

In ufing this machine, the beams, B, arc fixed acrofs a 
barge, which is ballafled till they are horizontal, ai;d the 
fpindle of the faw is therefore vertical in this Hate ; it is 
moored with her fide againfl the pile, K, to be cut off, as 



PILES 

ihewn by the dotted line V, fg. 6 ; then by the rack and 
pinion f gy the faw is adjufted in height to the level where 
the pile is to be cut ; by the handle r it is advanced to the 
pile K, whilll by tlie other handle, R, the faw is kept in 
continual raotion backwards and forwards, till the pile is 
cut through, and the piece is taken into the barge, whicli 
proceeds to cut off the next by the fame means. By this 
machine temporary piles, which are ufed in cofier-dams, 
may be cut oft' level with the bottom, when the work is 
finifhed, which is a very fuperior method to drawing them 
up out of the ground, as is the ufual piaftice, becaiifc this 
mull necefl’arily make a deep ditch or tre. cli all round the 
pier or foundation, and tend to loofen the gi oiind. To 
draw piles out of the ground when they liavc been driven 
fall, requires a very great force. There arc different methods 
of exerting this force : one for drawing them in water, by 
having a very llrong barge, with a windlals .it <)iu* end to re- 
ceive a ftrong chain, which is puffed feveral ^imes lound the 
head of the pile, and made fall to the barge ; two long 
beams are laid upon the barge to form a railway for a fmall 
waggon to run upon from one end of the barge to the 
other, and it is loaded with Hones of feveral tons w'eight ; 
when this is wheeled to one end of the barge, it will of 
rourfe deprefs it in the water, elevating the other ; then, in 
this Hate, the loweft end of thi* barge is chained to the pile 
by putting a very large bolt through it, and palling a chain 
round the pile umb r this bolt a great many times ; the car- 
riage is then wlax h-d to the other end of the barge by a wind- 
ftifs and rope ; this tends to raife the end to which the pile 
is fixed ; and when the carriage is fo far advanced that it 
exerts a fufficient power, it will draw up the pile if the 
chain is properly fixed : the carriage is now returned to 
draw another pile. 

A plan has been adopted at the new bridge now building 
acrofs the Thames at the Strand, fer drawing the ufelcls 
piles by one of Mr. Br.amah's hydrollatic cylinders. This is 
reprefenttd in lo, where A is fuppofed to be the top 
of a range of piles forming the coffer-dam, and B the pile 
which is to be drawm. A chain, a, is made fall to the pile, and 
carried many times round a large beam C D, the end, D, of 
which refts upon a fulcrum, or fupport E, confifting of a 
block, fupported on the head of a neighbouring pik, &c. 
F IS a block of wood, ferew^ed together in two pbcei, and 
inclofing bctwTcn them a call iron cylinder b, into which is 
fitted the pillon, or cylinder Jy the joining being made 
tight by a collar of leather ; r is a fmall copper pipe, com- 
municating wnth the cylinder, and alfo with a fmafl forcing 
pump, thv? pillon,/, of which, isaftuated by the lever ^ A ; 
the pump is fixed upon the top of a fmall cittern, iy to con- 
tain water. Now by wmrkingthe lever of the pump, water 
is injeded ijito the cylinder by and protrudes the pittoni dy from 
it wnth a force proportioned to the force exerted upon the 
lever, in the fame degree as the areas of the pump lo that 
of the cylinder multiplied by the proportions of the lever ^ 

( See this principle more fully illuttrated under Machinery, 
and Hydrojlatic , ) By this means the power of one or 

two men is iiicreafed to fuch a degree, as to draw up the 
large tt pil - ; the copper pipe, Cy is made to unferew at 
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leveral joints, which are provided with leather, to make 
them light ; by this means the jpump is feparated ‘when the 
machine is to be removed. As it has no conneftion with the 
be;un or lover D, the cylinder is frequently employed in the 
manner of a hand jack, for any purpofes where enormous 
weights are to be lifted for a fmall fpace; the Collars of 
leather are tin i.ime as arc ufed in the preffes. The fame 
figure alfo (hews a very complete way of catching fall hold 
of the pile, inllead of putting a bolt through the pile head 
to ftop the chain under : it is Amply a ftrong iron ring, /, 
large enough lo drop over the pile loofely, and liaving a 
ftrong fhank or eye, w, projecting from it to run the chain 
through ; and when this is drawn, the ring jambs fo forcibly 
upon the wood of the pile, as to draw it out of the ground 
rather than flip off, for it holds fatter in proportion to the 
force. 

The theory of Mr, Valoue’s engine depends on ilie fol- 
lowing principles, Was. 1. If the refiftance of the ground, 
and the maffe}. of tlie piles be equal, the depths to which they 
will be driven with a fingle blow will be as the produdi 
of the weight of tlie ram into the height through winch it 
ialh.. 

2. If the malles of the ram, and heights through which 
it falls are both equal, the depths to v/hich the piles will 
be driven, will he in the inverfe ratios of the mafl'es of the 
pil ‘s into the fnperficies of that part of them which is al- 
ready immerfed in the earth. 

3. If all ihefe things be unequal, the depths will be in a 
ratio compounded of the diredt ratio of the heights through 
which the ram falls into ilsmafs, and the inverfe ratio of the 
mafs of th(? pile into its immerfed fuperficies. 

4. If the weights of the ram be equal, and alfo the 
weights of the piles, the depths to which they will be driven 
will be as the heights through which 'the ram falls direftly, 
and the immerfed fuperficies of the piles. Or, becaufe the 
immerfed fuperficies of the piles arc as the depths through 
which they arc already driven into the earth, thefe deptns 
are fimply as the fquarc roots of the heights through which 
the ram falls. 

Thefe principles are founded on the general fuppofition 
that the fpace through which the weight falls is eftimated 
by the produft of its mafs into the fquare of its velocity, or 
into the height through which it falls. 

Hence it is inferred, that the diftance through which a 

G ’’e will be driven by each fucceeding blow will be lefs and 
s, as the fuperficies of that part of the pile which is im- 
merfed in the ground increales; and, confequently, that 
there is a certain depth, beyond which a pile of a given mafi 
and fcantling cannot be driven ; the mafs of the ram and the 
height through which it falls at firft being afligned. It ap- 
pears alfo, that the loading the pile with weights, and there- 
by increafing its mafs, will be fo far from accelerating its 
defeent, that it will abfolutely retard it. See fome curious 
obfervationson the ftrudture and operation of this engine by 
Mr. Bugge, profeffor of aftronomy and mathematics in the 
academy of Copenhagen, &c. in the Phil. Tranf. for 1779, 
vol. Ixix. part i. art. 1 2. 

Pile is alfo ufed, among for a ?nals or body 

of building. 




PIN, in Commerce^ a little neceflary implement, chiefly 
ufedbythe women in adjulling tlicir dreis. 

The form and apjdieation of this little article need no 
defeription ; but its confumptioii, and the number of 
hands it employs, are too coniidcrable to be puffed by un- 
noticed. 

Pins are now raoftly made of brafs-wire : formerly they 
likewife made them of iron-wire, which, being blanched, 
like the others, pafled for brafs ; but the. ill eflVrt of thofe 
pins has almoft altogether difearded their iif The French, 
however, could not be 'driven off from them without feveral 
arrets of parliament. Ky a fentence of the lieutenant de 
police, July 1695, feizure of fome millions of thofe pms 
was confirmed, and the pins condemned to be burnt by the 
common executioner. 

The pins moil cfleomed in commerce arc thofe of Eng- 
land. The method of m:\nufii 4 luriiig this ufefnl article, that 
has been long praAifed, is as follows. The brafs wire, of 
which thefe implements are now almoft wholly made, is 


generally tov) thick tor being cut into pms. It is, Ihere- 
lore, reduced m fize, by eaullng it to pafs through a fmall 
hole in a piece of iron. When it has been reduced to a pro- 

( )er fize, it is llraightoned, and fubfequently cut into proper 
engths ; and again afterwards cut into fmaller ones, each 
length being fuflicient for making feveral pins. Each end 
of thefe pieces is pointed, fo as to be (harp enough for 
penetrating, without difficulty, through linen, paper, &c. 
by either men or boys, fealed before two fmall grinding- 
lloiies, or fteel-niills, that are turned by a wheel, either by 
means of machinery or of the hand. Thefe ftones, or fteel- 
mills, are ufed for making the rough point, and for fmoothing 
them ; and, therefore, they are careful to turn the wire, fo as 
to render the points uniform and regular. The pin is after- 
wards cut off to the length that is wanted, from each end ; 
and the procefs is repeated ; till the whole of the length is 

f )ointed. The manufaAurc of the head is performed by the 
bllowing operations. A piece of wire, fuitable for heads, is 
fpun on another ; and thus the infidc wire occafiouing the 
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tipper wire to be hollow, when drawn off, is then in the ftate 
require^! for being cut into heads : this is done by (hears, 
every two roundo of the wire making a finglt? head. The 
next procefs is that of heading the lengths, which is done by 
the operators or work-people taking up a Angle length, and 
thrufting ll among the heads, and then immediately placing it 
under a ncavy weight or hammer ; when receiving the necef- 
fary blow, it is made* feciin* ; and thus the pin is completed in 
the firft ftate. After this it is to be blanched or whitened, 
which IS accomplifhed by putting the pin in a copper, con- 
taining tin and the lees of wine. Wlicu this is completed, 
the pin is in a ftate for fale, at the option of the buyer, 
either in a loofe ftate, or lluck in paper for the convenience 
of the confumer. 

Some fuccofsfiil attempts have been lately made by the 
.w'cll-known manufadurers, MeflVs, Diirnford, P'ranci8,and 
Co., of Gracechurch-ftn^t’t, London, for putting on the 
heads of this very uleful little article, witli greater expedi- 
tion and uniformity than had been previoiilly done by others. 
We are not at liberty to difclofe the procefs, which is in- 
genious, prafticahle, and expeditious ; but to every effort 
for the improvement of this, and of every other article of 
Britifti manufadure, we cannot but widi iuecels. 

The perfedion of pins confifts of tlie (tiffiicfs of the wire, 
and its blanching; in (he heads being well turned, and the 
points filed. 

The London pointing and blanching are in mod repute ; 
becaufe our pin-inakers in pointing ufe two iUvl-mills, (which 
are alfo occalionally ufed in the country,) the lirll of which 
forms the point, and the latter takes o(t all irregularities, and 
renders it fmootli, and ..s it were polilhed ; and, in blancinng, 
ufe block till, granulated : whereas in other parts they ufe a 
mixture of tin, lead, and quickfilver ; which not only blanches 
worfe than the form t, luit is alfo dangerous, on account of 
the ill quality of that mixture, which renders a pundurc with 
a pin thus blanched very diflicult to be cured. 

The confumption of pins, and the number of artificers 
employed in the maiuifadure of them, are incredible. In 
Paris alone, there were anciently abo\t‘ one ihoufand people 
employed in it ; and after the decline of this iiianufadure in 
the city, tliere have been annuJly fold above fifty tliouiand 
crowns worth oflhe pin-wire to the pin-makers of the neigh- 
bouring places, all bnuight thitlur from Stockholm, In 
the little town of Riigle, in Normandy, lliere were com- 
puted at lead five hundred workmen emjiloyed iu the pin 
manufafture ; the whole town being peopled with them. 
Several thoufand perfons arc employed in this manufacture, 
in various parts of our own counlry. Ellablilhmcnts of this 
kind are to be found in the Metropolis, VV arwickfiiiri , 
Glouccllfrlhirc, Efh x, &:c. 

Notwithftanciing that ti;ere is fcarcely any commodity 
cheaper than pins, tliere is not any one that pafles through 
more hands before they come to be fold. They reckon 
twenty workmen fuccelfively employed in eacli pin, between 


the drawing of the brafs-wire, and the (ticking of the pm in 
tlie paper. 

Pins are dillingiiiflied by iiumeros; the fmalier called 
from 3, 4, j ; thence to the 14th ; whence they are only 
accounted by two to two, vti. N" 16, iS, and 20, which is 
the larged fi/.e, 

Befides the while there are alfo black ones made for 
mourning, fhm N' 4, to N^’ 10. Thcfe are ufually of 
iron-wire. 

Laftly, there are pins with double heads, of feveral nii- 
meros; ufed by the ladies to fix the buckles of their hair 
fbr the night, without danger ol being dilliirhul by their 
pricking, ^c. 

The maniifadture of both brafs and iron pins is tbouglii 
by lome perlons to be in a degree injurious to the pointer ; 
as it is imagined he imbibes, in the courfe of (bine years, a 
quantity of the diift which flies oft* the wire, and which, in 
tliat call-, muil be pernicious. He is alio liable, from the 
conftant prcfliirc of his thumb on the Hones, to a wcaknefs 
in it, which not unficquently renders liim incapable of con- 
tinuing the operation of pointing. 

We are forry to learn that the pin manufafture is Icfs 
profperous than it was fome years ago. This decline is 
partly owing to the dimiiiifiied coiifumptioii of this article 
by our fair country.w'omen, and of courfc partly to the ex- 
cefs of the quantity made above the regular demand ; which 
has occalioiied to tlie maller-manufadturtr not only an in- 
coiwenience, but a dilproportionate return of profit for the 
capital which it employs. Upon the whole, it is thought, 
that this uleful clafs of perlons is decrealing in number ; and 
that there are no very encouraging expedalions of tlu rnanu* 
fafture^s foon reviving and flourilhing. 

The firft mention ol ])n)S thal oeeurs in the Enghfh ila- 
tute-book, is found in tlie lldtute (ff Richard HI. 111 1483, 
prohibiting fon'ign maniifaftiires ; audit appears IVom the 
manner in which pins are defcrilx*d 111 a ilatcle of t!ir 34th 
and 35th of Henry VIII. cap. 6, A. I). 1543, and the la- 
bour and time winch tlie manufaHure of them would re- 
quire, that liiey were a ni‘vv invention in this country, and 
probably but lately brought from France. However, m 
about three years time, they fell intn tht^ prefent ingem«ns 
and expeditious manner of making tliem. 

One of the arcicles of the llatiites of the ancient pin- 
makers of Paris was, that no mailer (hould open more than 
one (hop for the fair of his wares, except on new-year’s day, 
and the eve thereof : this we mention in an age of luxury 
and profufion, to recoiled the agreeable fnnplicity of our 
forefathers, who contenli d themfelves wuth giving pins for 
new'-ycar’s gifts. 

Hence the cullom of Hill giving the name pitisy or pin* 
inmey, to certain prefnits, which accompany the mod con- 
fiderable bargains ; in which it is ufual to give fomething 
towards the pins of tlie wife, or children, of the perfon 
with whom the barirain is ilruek. 




PI PE, a clofc channel for the conveyance of water, or other 
fluids, is of fuch extcnfivc ufe in building, &c. as to render 
the confideration of its materials, and beft means of forming 
its joints, a matter of importance to architefts and engineersi 
that they may give liability and durability to their work, at 
the Icall cxpenct*. Water-pipes are made of wood, iron, 
lead, copper, Hone, or pottery ; and each of thefe materials, 
in different fituations, has its preference. 

Wooderi’^pipes may be procured in all countries at a fmall 
expence, are eafily made, and joined together ; but the great 
objeftion is their want of ftrength to refill a ftro^ prellure 
without breaking, and their liability to decay, for water- 
works they are ufually made of elm, or alder j oak, though 
far preferable, being too expenfive. They are beft made 
from fmall trees of the proper fize ; and then the bark, being 
left on, is thought to prelerve them. The paiTage is bored 
out by a long auger, turned round by one or two men ; 
whilil the tree is fupported in a convenient pofition on 
treflels, and bound fall down upon them by ropes, to which 
weights arc attached. 

In towns where water-works are eftablifhed, the demand 
for pipes is fuch as to render this method too expenfive ; 


and machines are uled to bore them, turned by borles, wa- 
ter, or ftcam-engines. The pipe-boring machine is ex- 
tremely Ample. A pit is firft dug, fimilar to a faw^pit ; on 
each fide of this a long timber is fixed, and the two being 
united, at various points, by crofs framing, forms the bed, 
on which the fledge Aides backwards and forwards as great 
a diftance as the length of the tree which is to be bored. 
The fledge is a frame of wood, upon which the tree is laid 
when it is to be bored, and is firmly held upon it by chains 
palled over it, and drawn exceedingly tight with windlaflci 
fixed in the fledge. Wedges of wood are ufed to fupport 
it from rolling fideways, and toraife it up to fuch a height, 
that the borer will pais through the centre of the tree. The 
borer is fixed at the extremity of a fpindle, fupported by 
bearings, on blocks raifed from the crofs framing of the 
bed at one end, and which are adjulled, that the line of the 
borer will be exaftly parallel to the bed and fledge : the 
fpindle is put in motion by wheel-work from the mill, fo as 
to revolve 30 or 40 times per minute. The fledge with the 
tree is advanced towards the borer by ropes, which are con- 
duced over proper pullies, from each end of the fledge, to 
the barrel of a wheel, with handles on its circumference, 
fimilar to the fteering-whecl of a (hip t therefore, a man, by 
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turning the wheel one way, advances the Aider, with the 
tree towards the borer, which penetrates into the end of it ; 
but on turning the wheel in an oppofitc direction, it is with- 
drawn, to clear the chips of wood. This is repeated till 
the pipe is bored through. The borer can be detached 
from the fpindle, to employ another of greater or lelTcr dia- 
meter, when the pipes require it. The elm pipes employed 
in the ftreets of London for the diAribution of water, are 
made by this means, except fuch trees as are crooked : thefc 
are bored by hand augers, becaufe they muft be pierced 
from both ends to meet in the middle, which the machine 
will not readily do. 

The lengths of pipe are Joined together, by etilurging the 
bore at one end in a conical form, with a fort of auger, and 
cutting the oppofite end taper, to drive into tlie conical end 
of the adjacent pipe, which is hooped to prevent it from 
fplitting. This method is a very bad one, very foon de- 
caying, even when the taper end is fitted perfectly, becaufe 
the thicknefs of the wood at the taper part is fo very fmall. 
In the ufual mode of fitting them, by merely lhaping the 
conical part with the axe and drawing-knife, whiHt the 
workmen are perhaps over Aioes in mud, and expofed to bad 
weather, it is fcarcely reafonable to expe^ them to be very 
attentive ; but the joint is fitted in halbe, and difpatchcd as 
quick as poffible : the confequence is, that the conical part 
being corredlly bored, wdiiUl the taper is made to an irre- 
gular and more obtufe cone, the joint fits only at a very 
narrow point ; but if well driven, will make a tight fitting 
at firft, and, when buried, efcapes dcte(^lion ; Imt in the 
courfe of a very few years, the vacant fpac:e round the end 
of the taper accumulates mud, which haAciis the decay of 
the wood, and the joint fails. From thef? circuin (lances, 
the pavement of the ftreets is conllantly broken up, the way 
impeded, and the fupply of water fufpended. The Society 
of Arts have, under tnefc confiderations, offered a hand- 
fome premium, for feveral years pall, to procure a com- 
plete remedy for thefe defeds. Mr. Hornblovver propofed 
a tool, or bit, to form the taper end of the pipe, with the 
fame certainty as the cone which is bored. It confided of 
a wooden plug, fitted to the bore of the pipe, and having 
through its centre a hole, for the reception of a round iron 
rod or axis, which has a crofs handle at the end, like an 
auger, to turn it round by. Near the handle, its fize itt fuf- 
ficiently enlarged to have a mortife, for the admiilion of an 
iron arm, which can be fixed in it by a wedge. This arm 
turns down, and carries a fteel knife, the edge of which, by 
the bending, frauds inclined to the round rod, in the angle 
the conical taper is to have : therefore, by turning the 
handle round, the edge of the knife deferibes the furface of 
the cone, and cuts away the wood of the pipe to that form ; 
the round rod, being of confiderable length, can Aide freely 
in the plug at the end of the pipe, and allow the cutler to 
be ibruft up, to cut by degrees, till it reduces the taper. 
'I’he life of this tool would enfure the perfect fitting of the 
joints ; but ftill the plan is defedtive, as before mentioned, 
from the fmaJl ijuantity of wood round the joint. Another 
kind of joints have, . ’^erefore, been propofed ; in thefe the 
adjacent ends of the pipes to be joined arc both bored out, 
by a taper bit, to hollow cones ; and the two arc united by 
a (hort iron tube, which is made in form of two truncated 
cones joined at their bafes, and of dimenfions correfpondent 
with tne conical bafes in the ends of the pipes. This plan 
is very far preferable to the former, both in llrength and 
durability ; and as the tubes are made of caft-iron, it is not 
an expenfive one. 

MeOrs. Eckhardt and Lyon obtained a patent in 1806, 
for a method of making wooden pipes by feparatc ftaves, 
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refembling a barrel, but of lefs curvature, and greater pro- 
portional length, fo as to approach near to a cylindrical 
form, particularly withinfide. They arc to be bound by 
iron hoops, made faft either by driving th('m on from the 
ends, or by ferewing the hoops togctJier : the lengths are 
to be joined togetluT, by forming one end of each taper, 
and enlarging the correfponding ends of others to receive 
them : the ftaves arc to be fitted by tongues, rabbiting, or 
dovetailing. We have not heard of this method having 
been pradifcd to any extent : it would, wc think, be very 
cxpcnfive, and have all the dcfL\^ls ot wood pipe^ ; being 
liable to fpeedy decay, when buried in the ground. And 
it generally happens, tlut in their rotten or decayed parts 
they generate inietts and annnalenli in vail numbers ; wliicli 
may always be difeovered in water that has })afl'ed through 
wood pipes or pumps, which li«ive been long in ufe. l)r. 
Buchan oblerves, that Inch water becomes jrutrid by the 
corruption of the animal and vegetable bodies with which 
it abounds. 

Iron-p}pvs are caft at the iron-founderies of any dimenfions ; 
and for durability and ftrength combined, are greatly fu- 
perior to any other materi^ : they may be procured in 
lengths of ten feet, and united by nuts and ferew's palTed 
through fiaunches, caft on the ends of tliem. Moll of the 
great Companies for fiipplying London wdtli water have, 
witliin thele few years pall, adopted call-iron pipes for 
their mains, and arc daily incrcallng them, under the con- 
viction that their ])ermancncy will compenfate for the firft 
expence. They are ufually caft in lengths of ten feet, one 
end with an enlarged fockcl of fufficient li/.e to receive the 
end of the next pipe. As thefe joints cannot be driven 
clofc, to fit like wooden joints, they require fome cement. 
To apply tliis, they firll caulk it, by driving a fmall quan- 
tity of hemp down to the bottom of the joint with a blunt 
chilTel, and then fill the remainder of the focket with iron 
cement ; which is a compofition of borings or turnings of 
call -iron, mixed up with fulphur and fal ammoniac. This is 
moillened with water, and rammed into the cavity ; and the 
rapid oxydation of the iron borings unites them into one 
mafs, and at the fame time expands the bulk of the cement, 
lo as to fill up all the fpace very clofely. The hemp, firft 
driven into the joint, is only to prevent the cement getting 
into the pipe, and to keep the water from it till it is fet 
firmly ; after whicli, the joint is as folid as any other part 
of the pipe. Another method, much iifed for large pipes, 
is to have two cars proJeCling from each pipe at the joint, 
through wliich fcrew-bolts arc palfed, lo draw them clofe 
together. The joints are fometimes filled with lead run in, 
whilft mt lted ; and others have ufed the Roman cement to 
bed the joints in. 

Within thefe few years immenfe quantities of iron pipes 
have been laid in all parts of London, for the conveyance of 
water, which no fooner became generally known, than 
great prejudices were excited againit them, under the idea 
that they would give the water a metallic tafte, which 
would be injurious to the health of the inhabitants. This is 
clearly an error, as any one may afeertain, by examining 
an olcl ciftern, or veffel of caft iron, which has only had 
firefli Thames water in it ; and they will find it coatea with 
a fort of japan, or fmooth furface of a black colour, which 
is a very thin oxyd, and does not penetrate any depth ; 
though if the water is of fuch a quality as to produce red 
ruft, the iron is corroded very faft, but is ftill a very harm- 
lefs mixture. Water having any lime in it, depofits a thin 
coat or incruftation withinfide iron pipes, and thus com- 
pletely defends them from corrofion ; nor is there any dan- 
ger, as fome have fuppofed, of this incruftation incrtafing 
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lo as to flop the pipes in courlV of time, bi caufe the water 
only clcpofits the Itony matter from the attradion of the 
iron, which being once covered with a flight thicknefs, the 
water hue no longer accefs to tlie iron. W c have heard of an 
expedient of putting lime into tly, water, when it was found 
that the water was fo corrofivc as to become tinged by 
running through iron pipes newly laid down, A rapid 
current of this lime-water being caufed through the whole 
length for a few days, the pipes became coated with the 
calcareous matter. At firfl, after this, the frefh water 
tailed of lime, but it became pure in a fhort time, becaufe, 
in the firfl inflance, more lime was depofited than could be 
combined with the oxydated fiirfaee of the iron, and thisex- 
cefs would of courfe be carried away again by the freflt 
water, but no more. 

Stone ‘The prejudice the public at firfl entertained 

againll iron pipes, induced many projc^lors to find out other 
fubflances, which would have the llrength and durability of 
metal. Sir George Wright propofed lioiic, and invented a 
machiiK' fur cutting out cones from the hollow of the pipe. 
He firfl employvS a boring or drilling machine, to pierce a 
frnall hole through the centre of the block of Hone, in the 
axis of the intended pip<*. Another machine is then ufed, 
conh fling of a faw applied in a frame, which revolves on a 
round iron rod, pafTed through the central hole previoufly 
drilled : the frame gives the means of fixing the faw at any 
required diftance from the rod, and attaching it firmly 
thereto at each end; its edge will of courfe, wlien turned 
round, deferibe the I'urface of a cylinder, of the diameter 
of the intended pipe. The faw and central rod are rather 
longer ih.an the block of Hone, which permits them to be 
moved backwards and forwards endways, to give the mo- 
tion of fawiiig with faiul and wat< r in the ufual manner. In 
their operation, the block of Hone is placed witli the rod ho- 
rizontal ; the faw is entered at anotlier hole, previoufly drilled 
through the Hone, and as tlic faw' cuts, the central rod guides 
it round on a centre, till it feparates the core all round, and 
this being taken out, leaves a pipe or tube. Sir George 
obtained a patent for this invention in 1805, prac- 

tifed for fomc time, and many large Hone pipes were laid ; 
but great difliculties arofe in making good joints : they 
were attempted by Roman cement, which adhered fo well, 
an to make them perfect, if the pipes were well bedded ; but 
the continual tremor of heavy carriages pafling over them 
foon dillurbed many joints, 14 d broke the bond of the ce- 
ment. Mr, Samuel Hill took out a patent in 1810, for uniting 
thefc pipes together at every joint by a collar of Hone, 
into wdiich the extremities of tw'o pipes arc made to fit, fo 
that about two inches of each Hiall enter it, and reacli to its 
centre, where they are to meet. A fufficient quantity of 
cement is to be fpread on the ends of each pipe, and in the 
internal part of the collar, before they are inferted into it, 
to prevent water from pafling through the joints. Although 
this obviates one difllculty, Hill the expcnce of Hone pipes is 
prodigious ; at leaH in I^ondon, where the price of materials 
alone, without any coH of w'orkmanfliip, would be too great. In 
htiiations where that material is plentiful, they may be ufed, 
and the labour of making them will be reduced very low by 
a machine invented by Mr. Murdoch, and for which he had 
a patent in i8io: it is very fuperior to the above, which is 
only applicable to large pipes ; befides, the trouble of pre- 
vioufly drilling two Imall holes the whole length of the 
pipe is wholly fated. 

When it is intended to form a pipe or hollow cylinder of 
Hone by Mr. Murdoch’s machine, inllead of reducing the 
tchole inflde to powder, it is fawed in the form of a core, 
or folid cylinder, the diameter of which is about half an 
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inch lefs than the diameter of the infide bore of the pipe* 
In like manner, when a folid column or cylinder is to be 
formed, the outfidc and Aiperfluous parts of the Hone are 
taken away by a fimilar procefs, and the core forms the 
column or cylinder required. When the Hones are large 
enough to leave the outfide parts of a proper thicknels, 
they may be ufed as pipes ; or the cores cut out of large 
pipes may be ufed as columns, or formed into fmaller pipes, 
fo that in fome cafes fevcral may be cut out one within an- 
other. The method by which thefe are formed is the fol- 
lowing : 

The block of Hone, out of which the pipe is to be formed, 
is placed in a vertical pofition, and a plug of wood or metal 
is fixed in the top of the block, at the centre of the intend- 
ed pipe ; this ping has a hole in its centre, for receiving the 
lower pivot of a vertical fpindle or axis, which is made 
longer than the pipe is required to be. The rod is of an 
uniform thicknefs, and made either fquare, triangular, or 
any other fliape that wull admit of fockets Aiding Ireely up 
and down, without turning round upon it. On the upper 
part of tins fpindle a focKet is fitted, having on the mid- 
dle part of its outfide a pulley or a fmall-tootlied wheel, by 
winch the axis or fpindle may be turned round. Tlie upper 
and lower extremities of this focket are cylindrical, and ferve 
as gudgeons, upon which it turns in a frame, and Headies 
the axis. Near the lower end of the vertical axis a wheel 
with arms is fixed, having the circumference like a hoop 
two or three inches broad ; and its diameter a little lefs than 
the diameter of the pipe to be bored ; it fitvS to the infide 
of a tube of metal, which is attached to the fpindle, and 
kept concentric with it, by being fitted over the wheel. 
The upper part of the fpindle is perforated to a little below 
w'hcre the above-mentioned focket is fixed, and then the per- 
foration comes out obliquely. The tube is of a diameter 
nearly equal to that of the pipe to be formed, and exceed- 
ing it in length about two feet : this pipe is made as truly 
cylindrical aspoflible, and is attached to the axis by another 
wheel acrofs, fimilar to that at the bottom, which is lix^ d 
in the tube at the upper end, and fits upt>n the fquare Ipin- 
die, to Aide freely up and down, without turning round 
upon it ; this tube being, as before-mentioned, guided by 
fitting on the wheel fixed at the lower part of the fpindle. 
On tlie lower edge of the tube a rim of proper metLil is 
fixed, which is fo much thicker than the tube, that the 
groove it makes in tlie Hone may admit the tube to move 
freely. This hoop being intended to grind or faw the 
Hone, has its lower edge either left fmooth, or formed like 
the faws ufed by Hone-cutters. The wheel or crofs, wdiich 
is fixed on the vertical tube, near its upper end, has a fmall 
cord or chain fallened to one of its arms, and pafles upwards 
through the perforation in the upper part of the axis, and 
then over a pulley fixed at a convenient dillance above it ; it 
ferves to raife the tube on its axis when required. On thr 
upper part of the tube w'eiglits are fixed, for the purpofe of 
making it ad more Forcibly upon the Hone, if neceflary. 
When tlie apparatus is to be put in motion by the force of 
man, the above-mentioned pulley, fixed in the focket near 
the upper part of the axis, is generally made about double 
the diameter of the pipe to be bored, and a rope pafles 
round it, each end of which is conduded over a vertical pulley, 
fixed at a convenient diHance, on each fide of the machine ; 
by which means the ends of the rope turn downwiirds, and 
having handles fixed to them, are pulled alternately by a man 
at each end, fo as to caufe the tube to make a reciprocating 
rotative motion about its axis or fpindle : or the ^paratut 
maybe put in motion by any other power, only it the pul- 
ley and cord be retained, a fpring or a fvtfficient weight ads 
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at one end| while the power operates on the other by means 
of a crank, or other fimilar contrivance. Or, inftcad of 
the pulley, a toothed wheel or pinion is fubflituted, and 
afted upon by a rcciprocatin? toothed wheel, belonging to 
the mill, engine, &c. eonnedted with the moving power, or 
by a reciprocating rack or feftor, put in motion by the fame 
power or machinery. A eiftern is placed at fome conve- 
nient height above the tube, by means of which, a mixture 
of water and fand is conveyed into the tube, and forces its 
way under the faw, when in motion, and caufes it to abrade 
or grind away the Hone, and form in it a circular groove, 
concentric with the axis. As the groove becomes deeper, 
the water accumulates in the tube, and forces the fand with 
it under the faw and both are difeharged over the outer 
edge of the tube, in the form of mud or fludge, and the 
motion of the tube may be thus continued as long as the 
moving power is maintained. When any circumRance caufes 
this to Rop, the tube mult be drawn up by means of the cord 
and pulley for that purpofc, or the lana will fet fail round 
the tube, and will not be eafily freed again. 

Copper •‘pipes are too cxpeufive to be employed except in 
parliciilar lituations. Tliey arc made of copper plate turned 
up and foldered, and are Tmich ufed in diRillers* work, be- 
caufe they can be t inned withinfule, and then communicate no 
tiiint to what j)aRes throiigli them. 

JLead-p'ipes are iinlverfalTy employed for all fmall water 
pipes, chiefly from the facility of bending them in any direc- 
tion and folderiiig their joints. Although fome kinds of water 
corrode the metal by degrees, this will not produce fo 
much harm as iron uadortle- fame ‘ircumRances, but would 
be ajnoR dangerous poifon if it was ufed in luflicient quan- 
tities to have any effedt at all. 

The greatcR proportion of the leaden pipes ufed in water- 
works, was, till of late years, made of flicet lead wrappeil 
round an iron or wooden core, and the joint foldered up. 
The expence and trouble of this method was confiderable, 
and the pipes thus made extremely liable to burll at the 
joint, particularly if bent with a fudden angle. Thcfc de- 
fers fuggelled the idea of calling the lead in the form of 
pipes, by which means the trouble of previoufly calling 
and laminating the lead into Ihcets would be fpared, and alfo 
the uncertainty of the foldered joints. Such pipes are caR 
in an iron mould, made in two halves, forming, when put 
together, a hollow cylinder, of the fize of the intended pipe, 
A core, or iron rod, the fize of the bore of the pipe, is adapted 
to this hollow mould when tl.\ halves arc put together, and 
fecured by ferews or wedges, fo that it exadlly occupies the 
centre of the hollow mould, leaving therefore an equal fpacc 
all round between them. A fpout, or entry for the admilfion 
of the melted lead, is made by a correfponding notch cut in 
each half of the mould, and at another place is a fimilar vent 
for the efcape of the air. This mould is fixed down upon a 
long bench ; and a rack, moved by toothed wheels and 
pinious, is fitted up at one end of it, in a lino with the centre 
of the mould. A hook at the end of the rack, being put into 
an eye at the end of the core of the mould, affords the means 
of drawing out the core, when the pipe is caR round it by 
pouring the melted lead into the mould, with the core in it : 
when the lead is cold, the core is drawn out very nearly to the 
end of the pipe, by the rack and wheel-work before men- 
tioned. The halves of the mould are then feparated, and tue 
pipe moved along in the mould, fo that only an inch or two 
of its end remains in the mould, the lialves of which arc 
again faftened together with the core between them, and^its 
end entt red an inch or two into the firR piece of pipo. 1 he 
mould is now filled with melted lead, the heat of which fufes 
ariil unites it with the end of the firft piece, fo as to double 
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its lengtii. I'lie core is again drawn out a fecond time, and 
another length call to the former. This method produces 
pipes of any length in one piece, but they are liable to have 
air-bubbles in them, which produce holes when the metal is 
thin, and the joinings of the different lengths are not always 
perfcdtly found. 

The method which is now very generally adopted, is to 
caR the lead in an iron mould, upon a cyluidrical iron rod 
of the fize for the bore of the intended pipe, the lead being 
three or four times the thicknels of the intended pipe, and in 
fhort lengths, which are then drawn through holes iu pieces of 
Reel, in the manner of wire drawing, till the i)ij)e is reduced 
to the intended thicknefs, and drawn out to the proper 
Another method is to reduce tlie pipe by repeatedly 
paflingit throiigli the tw\) rollers of a flatting mi’!, in eacli of 
which a number of femi-circular notches are formed all round, 
fo that the two rollers, when put together, have a number of 
circular cavities between them, wduch gradually dtminifli in 
diameter from one end of llie rollers to llie other. Drawings 
of fuch rollers will be found in our plates of Iron Manvfac^ 
turc. The pipe is firR rolled between the largefl of theiV ca- 
vities, then in a fmaller, and fo on to the laR, which extends 
llie pipe to its proper length, and diminiflies its fubRance to 
till' proper thicknefs, at the fame time by condi-iifing the metal 
hardens it, and makes a very Rrong tube with very little 
metal. Mr. John Wilkinfonof Brofely, the celebrated iron 
manufafturer, took out a patent, in 1 790, for the laR men- 
tioned method, whicli he pradbifed on a very extcnfive 
fcale ; he was not, liowever, the original inventor, the fame 
thing having been propofed, in 1728, by M. Fayollc j fee 
“ Machines Approuves par I’Academie Royale,’' vol. v* 
p. 50. Since the expiration of this patent many manufac- 
tories of this article have been eRablifhed, fome employ- 
ing rollers, and otln rs the draw-bench, for extending the 
pipes. 

We have gi\eM a rejirefeiitation of one of the latter ma- 
chines in iHate XL. Mechanics* Figs* i and 2 are feitions 
of the mould for caRing the pipes ; A A is the bench, fup- 
ported on legs like a ftool in an inclined pofition ; B ,B, are 
the two halves of the mould, fitted into each other with 
double reb.ites, as (hewn in the fedfion i, that they may 
come together corredlly, and are held fo by the ferews D, D, 
fitted through pieces of iron E, E, faRened to the bench ; 
the halves of the moulds have at each end a flat fide be- 
neath, winch reRs upon the iron plate coniiedting the twt) 
pieces E, E ; F is the core, held in its pofition by collars 
at each end of the mould embracing it ; G is the rack, and 
H I K the wheel -work for drawing out the core ; d is the 
entry for the metal, raifed up to the fame level as the highefl 
point the metal is intended to run into. The intention 
of the inclined pofition for the mould is, that the metal may 
run in at the loweR point of the mould, and expel the air as 
it rifes, at a vent in the higlieR point of the mould, which is e* 
By this means the danger of air-bubbles in tlie pipe is avoided. 
The interior furface of thi' mould is boredout truly cylindrical, 
and the core being turned in thf* lathe, they are certain when 
put together to leave an erpial fpacc all round, a circumRance 
which is effential to form a ^ood pipe, as the fucceeding 
procefs of drawing will tend to mak^* an error of this kind 
wwfe. The core, F, is feen \n fig, 2 to have a neck or fmaller 
part at the end di the treblet or core a gy Jig* 3, upon which 
the pipe is to be drawn, is of the fame fize, and has a fimilar 
neck, fo that the pipe, when put upon it, fits it in every part, 
as is fhewn in^^. 3, and the flioulJcr of the neck prevents the 
treblet being drawn through the pipe in the direction from 
g to as it was put in by the oppofitc dircdlion. Beyond 
the neck the treblet has a notch cut in each fide at g, leaving 



a neck ; and by this it is leized in a lort ot claw belonging 
to the draw-bench, which is exhibited in 4 and 5, the 
former being a plan, and the latter a fedlion. In thefe M, 
are two ftrong timbers, bolted to uprights N, O, at one end 
of each, and to a crofs beam, W, at the other end ; the 
uprights fupport bearings for the gudgeons of a ilrong iron 
fpindle, which has the cog-wheel, J, fixed upon its end, and 
is turned round by the pinion /, receiving a rotative motion 
from a fteam-engine or water-wheel ; P is a roller, fitted on 
the fpindle fo as to flip round freely upon it ; it has two 
claws affixed into it at one end, which are feized by the 
ends of an iron bar, w, fixed fall upon the fpindle. By this 
means, when the roller is thrull towards wi, it is engaged 
with its arms, and compelled to turn round witli the fpindle, 
hut when drawn back from wi, it is at liberty to flip round 
independent of it ; Q is a lever affixed to a vertical axis ; it 
is forked at the end, and embraces a collar upon the end of 
the roller, fo as to draw it backwards or forwards, and by this 
means engage or difengage it from the fpindle at pleafure ; R 
is another lever on the lame fpindle, to the end whereof a long 
rod, S, is jointed, and this has feveral handles fixed to it, as 
Ihewn in^. 5, by which it can be moved, and the machine 
flopoed or put in motion by a man Handing at any part of 
the long bench L M ; the roller, P, has a pair of fpiral grooves 
formed on its circumference, for the reception ot two chains, 
n, fz, which wind upon it ; the ends of thefe chains are hooked 
to a little carriage, running upon two wheels, and having 
in its hinder part a fork or double claw, to catch in the 
notches at the end of the treblet T, alfo Ihewn in 3 ; 
X is a caft-iron frame, fecurely bolted down upon the crofs 
beam W ; it has a notch in its upright fide, which is nearefl 
thejoller, to allow the treblet and pipe to pafs through, 
but at the fame time forms a lodgment for the fteel plate, 
through which the pipe is to be £awn. The workmen arc 
provided with a great number of thefe plates, one of which 
is (hewn 6 ; they are called whirtles: the fizes of the 

holes through then! diminifh very gradually, from the dia- 
meter of the rough call pipe, to the fize to which it is in- 
tended to be reduced. The holes through them are made 
rounding at each fide, as is (hewn in the feftion Z, ^g. 6, to 
facilitate the exit and entry of the pipe. The bench is con- 
tinued beyond the beam W, and has a number of rollers in 
fr, to fupport the pipe as it is drawn along. 

The procefs of drawing is as follows : the lead pipe being 
fitted upon the treblet, as in ^g, 3, is laid upon the rollers 
in the bench, and the end of the treblet being put through 
the largeft of the fet of whirtles, its end is hooked into the 
claws in the carriage and the whirtle lodged againfl the 
cheeks of the frame X : the rod, S, is now pulled, which 
engages the roller with the fpindle (fuppofed to be all the 
while in motion ) $ this winds up the double chains ft, drawing 
the pipe through the whirtle, by which it diminiflies its fize 
and lengthens it out : when the pipe is drawn quite tlirough, 
the roller is call off by pufhing the rod S ; the treblet is un- 
hooked from the carriage, and puffied back upon the 
rollers in the bench to its former pofition ; another fmaller 
whirtle is put on ; the carriage is drawn back by hand (the 
roller turning round on its fpindle), and the pipe is drawn 
through it as before. In this manner the bufinefs proceeds 
till the pipe is finifhed. 

Sometimes the pipe is drawn through twelve fized whirtles 
in this cafe ; the (econd time, and alio the laft time but one, 
it is drawn through a whirtle fuch as Y, Jig»6i it is not 
rounded off at the entrance, but having a (harp edge, it 
cuts off (havings from the furface of the lead, making it 
perfe&ly fmooth and true : this makes it pafs more eSfily 
through the fucceeding whittles. Lead pipes are by this 
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procels iirawn emt to ten or twelve-feet lengths, three of 
which are united into one, by what is called burning. For 
this purpofe an iron core is put through one pipe, and 
entered a few inches into the other : a fmall iron mould is 
now put together in two halves over the ends of the two 
pipes which are brought in contaA, the mould exaftly fit- 
ting both ; melted lead is poured into the mould, and it runs 
out again at a hole in the bottom. This is continued till it 
is fuppofed the heat of the lead has fufed the ends of both 
the pipes ; the hole in the bottom is then ftopped by a Aider 
for the purpofe, and the mould remains full : when cold it is 
taken off, and the pipes are perfeAly united. The core is 
now withdrawn, to facilitate whiah, it only fits the bore of 
the pipe at a few inches of the end. Thefe joints are very 
good if the pipe remains ffraight, but are apt to leak if a 
bend is made at one of them. 

In 1804, Alderfon took out a patent for lead pipes 
which were to be lined with tin, for the conveyance of beer, 
water, or other fluids which were in danger of receiving a 
taint from the corrofion of the lead. This he accompli med 
by calling a lead pipe in the manner abovc-deferibed, then 
withdrawing the core, and throwing into the pipe a fmall 
quantity of powdered rolin. Another core fmsdler than the 
former is next inferted into the centre of the pipe, and 
melted tin poured in to fill up the fpace. The pipes are 
call in a vertical pofition, and the rofin melting by the heat 
floats upon the furface of the tin, and aAs as a flux to unite 
it with the lead. This pipe of lead, lined with tin, is now to 
be drawn or rolled to length, as before-mentioned. We arc 
informed Mr. Alderfon employs rollers to extend them in- 
llead of the draw-bench. 

Mr. Bramah^s method of making lead pipes is very in- 
genious ; it is performed by a proctls of pumping or forcing 
the metal, in its fluid Hate, through proper moulds. A 
boiler or kettle is fitted up over a nre-grate, with flues for 
the fufion of the metal ; m the centre of this boiler a forci 
pump is fixed up, its fu^lion valve drawing in the melted 
lead contdined in the boiler ; the forcing pipe of the pump 
proceeds through the fide of the boiler, ami conducts the 
lead to the mould, which is fixed on tlie end of the pipe 
outfide of the boiler : it confifts of a tube, bored perfectly 
fmooth and cylindrical, its interior diameter being equal to 
the outfide of the pipe intended to be made ; the end of the 
mould nearefl the boiler expands into a conical mouth, larger 
than the mould itfelf, and acrofs this widefl part a crofs bar 
is fixed, to fupport a core or mandrel, of a diameter equal 
to the bore of the intended pipe, and fituated exaftly in the 
centre of the mould, leaving an equal fpace all round be- 
tween them : the core is Aighlly conical, being rather lefs 
at its extremity, which terminates at the fame length with 
the external mould. Tliere mull be fufficient openings left at 
the fides of the crofs bar fupporting the core, to dlow the 
lead to pafs freely by, that it may unite again after paffing 
the crofs and completely fill the mould. The mould pafl'es 
through one of th.L* fire flues furrounding the boiloi , that it 
may be kept fo liot as to procure tlie lead in its fluid Hate, 
till it arrives nearly at the point of the mould, which is im- 
merfed in a ciftern of hot water. The operation is fimple t 
the pump, being worked, forces the lead through the mould, 
the heat and length ©f which are fo regulated, tha^ the lead 
may chill a little before it auits the extremity of the mould, 
and ifl'ues forth in a folid uate into the water ciflern, form- 
ing a pipe of any length. Mr. Bramah took out a patent 
for this method in 1797. 

Fifes of tottery ware are ufually made of that coarfe kin j 
of brown none pot, which is very hard and durable ; they 
can only be made in Ihort lengths, and have one end enlarged 
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to receive others. To clofc the joints tow and pitch are ufed, 
but they can never be made to bear any preffurc, arc liable 
to be broken by accidentf and being very expenfive, have 
no other recommendation than preferving the purity of the 
water they convey. 

We have feen fome water conduits from an old Roman 
building, which were very flight pottery tubes, buried in a 
mafs of mortar, that by ages had acquired a hardiicfs and 
clofenefs fufficient to refift a ftrong preflure. 

In 1808 Mr. W. Bell obtained a patent for a new kind of 
pipes for conveying water, which were to be made of fuch 
fub dances as to give no taint to the water pafling through 
them. He propofed tubes of porcelain pottery, and vari- 
ous coinpolitions which are vitriliable, and are not liable to 
corrofion or decay : t;-« 'c tubes are formed in fuch a way at 
the ends as to fit one witiiin the other, and are to be made 
water tight by cement ; they are to be enclofed in caft- 
iron cafes, to give them llrength to refill the internal pref- 
lure of water, as well as to defend them from accidental 
violonoc ; or the cafes may be made of wood. 


Pipe, Tobaccoy an implement ufed in the fmoaking of to* 
bacco, confiding of a long tulx*, made of a particular kind 
of clay baked hard ; at one end a little cavity or furnace is 
formed, called the bowly which is for the reception of the 
tobacco when burning, and the fumes arc drawn by the 
mouth tlirough the other end of the tube. The making of 
tobacco pipes forms a confidcrable trade in London and 
other great towns ; they are made of various fafhions, long, 
fliort, plain, worked, white, varnilhed, unvarnidwd, and of 
various colours, but the fame procefs is followed for all of 
them. The clay is found in the ifle of Purbeck, in Dor- 
fetfliire, and is diftiiiguilhed from others by its per^cl 
white colour, and its great adhefion to the tongue when 
baked, occafioned by its great affinity for water; even in the 
raw (late it has this properly in a (light degree. The clay 
is prepared by diffolving it in water in large pits, and the lo- 
lution being well (lirrcd, is run off into another pit, where 
it depolits the clay, which, when tlie water has become 
clear and run off, is taken up for ufe, all impuritiw of 
fmall ftones, fand, &c. being feparated from it and left in 
the firft pit. The clay is now divided into portions, each 
fufficient to form one pipe, which are rolled on a tabe, 
under the hand, into long rolls, each with a bulb at the end, 
to form the bowl ; and thefe' are laid by a day or two, to 
dry fufficiently for the preffing. This is done in an iron 
mould, confiRing of two halves, which when put toother 
leave a cavity of the ffiape of a pipe; a wire is thrutt up 
the roll of clay, to form the bore of the pipe, and in this 
(late it is placed between the two halves of the mou , 
which are then put into a kind of prefs or vice, y t le 
ferewof which the two halves are forced together, and, the 
figure of the pipe imprinted on the clay included ^tween 
them; a lever is next brought down, which i» fo • 
as to introduce a ftopper into the bowl of the pipe w 1 
ftill in the mould, and force it down fufficiently to form the 
cavity thereof: the wire is thruff backwards and forwwds, 
to prick the tube completely into the bowl ; it is then wholly 
withdrawn, the parts of the mould feparatc , 
taken out, the fuperfluous day removed with a knife, and 
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they are laid up to dry a day or two, alter which they are 
feraped and polifhed with a piece of hard wood, the tubes 
of the pipes curved as they arc intended to be, and they are 
then carried to the furnace to bake, which is done in feven 
or eight hours for fifty grofs of pipes. This furnace is 
fully defcrlbed at the end of our article Furnace. 

The Turks ufe pipes of three or four feet in length, made 
of rulhes, or of wood, bored at the end; they have a 
bowl or pot of baked earth to contain the tobacco, which 
they fepiirate from the tube when tliey leave off fmoking. 
To make the tube tight, fome kinds arc made of fpiral wire 
covered with leather. This at the fame lime leaves them 
flexible, and the bowl cun Hand on the ground, whilft the 
fmoker inhales its fumes through an ivory or filvt r moutli- 
picce at the end of the tube, Of this kind is the hookahy or 
houlary ufed by the luxurious Eaft Indians; it is a complete 
furnace or chafing-diih, with grate-bars, adi-pit, he, ; and 
has a tight cover over the lop, with one of theie flexible pipes 
attached to it. An officer of the court of a petty eallei n 
prince is called hoithar bouJiit'y and is folely employed in 
managing this machine ; wliich, having lighted and pre- 
pared, he prefents the mouth-piece oi the lube to his mailer 
after liis dinner. In fome in fiances, the bowl is kept in .in 
adjacent clofet, tlicpipe being conduaed tlirougb u hole in 
the wall. Some of thofe which are mofl complete have 
another peculiarity; the fmokc, before it goCwS into the tube, 
is made to pais iindir water, by bubbling up through U. 
This is found to give tlie fmoke a mild and agreeable flavour, 
by depriving it ot its acrid and pungent tauc ; and, indcrd, 
it is for the fame end of condenfing thefe particles, that the 
tubes are made of fuch great length. Wc are not informed 
how the fmokc is made to pais under the water, but have 


Icen a Ample experiment, which any one may try, to expe- 
rience the improvement of tiie imoke by this procefs. 1 ro- 
cure a common decanter or glafs bottle, fill it half full of 
water, and fit a cork to it, which has two holes made 
through it by burning, fufficiently large to admit tightly 
the lube of a tobacco pipe : in one of the holes fit a pijK* 
with a bowl, the tube end projeding fo far down into the 
bottle, that it will be an inch below the furface of the water, 
into the other hole, fit a jiipe without u bowl, not reaching 
to the water, but fufficiently curved or inclined to come 
conveniently to the mouth. Make all the joints tight by 
wax, fill the bowl of the pipe with tobacco, and light it; 
then by fucking air through the mouth-pipe, it wyll be 
drawn out of the bottle, and rarefy that within ; tlie at- 
mofpheric air then prefleg through tlie burning tobacco in 
thebowd of the pipe, and carries the fmoke down the tube 
throuRh the water, and it rifes in bubbles to the furface of 
the water in the bottle, from wfficncc it can be inhaled 
through the mouth-pipe, by continuing to fuck at it. Ihe 
fmoke is by this procefs cooled, and rendered very agreeable, 
by the reparation of certain principles which are of a very 
unpleafaiit flavour : the exifteiice of thefe principles will be 
(hewn by the water in the bottle becoming yel ow in a fhort 
time, and having a very difagrecable taile. 1 his method of 
fmoking may be ufcful to invalid fmokers, who from cough, 
or inflammation of the lungs, are unable to continue a prac- 
ticc which, by long habit, has become quite an effential com- 
fort to them. 




Thcfe waters, though they all contain fait, yet have other 
Pits, Britu, the name given by the people of Worcefter. things alfo in them, and thefe not in fmall quantity. They 
(hire and Chefhire, to the wells or pits affurding the fait aU contain a very large proportion of ftony matter : this is 
water, out of which they extrail the fait. common to the whole let, but particular fubftances befide 
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thU arc found in the particular pits. At Northwich, in 
Chfrtiire, there are four pits, the water of wliich iiinks very 
drongly of fulphur, and contains fo much vitriol, tliat it will 
turn black like ink, with a decodlion of galls : yet this is 
boiled into a very line and pure kind of fait, common at 
our tables under the name of ba(ket-falt, and having no fuch 
properties. 

There is a vail quantity of llony matter precipitated from 
thefe pans of brine, in the boiling of them to fait : this is 
partly faved in Imall pans fet at the fide of the boiler, and 
partly precipitates to the bottom of the pan, where it forms 
a crull like that at the bottom and fides of our toa-kettlcs, 
which the workmen find it neeeHary to remove every week ; 
but there is no vitriol or iulphiir feparated. l*hiL 'iVauf. 
N"-'' 150. 

In the country near where thefe brine-pits are, the in- 
llru merits ufed in boring often bring u]) fine and hard fait ; 
fo that they give proofs of tln're being rucks of lalt m many 
places. 

All along the river Weever, on cacli fide, lire earth 
affords brine wherever it is opened ; but all thefe are not fit 
for boiling, many of the pits affording a brine too weak to 
he worked to any advantage. The very lliongeft pits 
fometimes alfo become at once tot) weak : tliis is owing to 
the irruption of frefli fpriiigs into them, and fometimes the 
river itfelf makes its way into them, and overflow's them 
with fuch a quantity of freffi water, that they are utterly 
fpoiled. The V)rine-pits at Wellon, near Stafford, afford a 
brine that kinks like rotten eggs : tins turns inll.intly to 
ink with galls, and purges and vomits violently, if taken 
even in a fmall quantity'. 'Fliis, in boiling, depofits a wliite 
flaky fiind, or ffony matter, without fmell or tafle, and the 
fait is pure and fine. 

The pit at Droitwich, in Woreeflerffiire, afTords no fan d 
in the boiling, nor any the leall fediment of the ffony 
matter at the bottom of the pan, and the fait is the pnreff 
of all the others; and by the people of the countrjr it is 
eileerncd the moll wholefomc, becauie of its being without 
the faiid. 

This and the other pits hereabout, all have the fmell of 
rotten eggs, efpeci.illy after a little reft, as on tlie Monday' 
morning after the Sunday’s reft. If meat be put to pickle 
in the brine of thefe pits, iiiflead of being preferved. It w'ill 
ffink in tw'enty-four hours, fometimes 111 twelve, yet they 
yield the hell fait of any inland pits in tlie world. 

'Fhe fulphur fpaws of Yorkihire, which are very nume- 
rous in different parts of the county, all llink violently of 
rotten eggs ; but if well draw'ii and worked, they would 
prove as csoffenrivc as the reft, and only fo many weaker 
or flronger brine pits ; and the fmell is no other than that 
of the Chclhire and Staffordffiire brine, wlu*n it has been 
left fome time at reft. It is remarkable, that though the 
ffony matter is depofited in fuch vail plenty by' tlie waters 
of all our fait fprmgs, it is not found in any abundance in 
thofe places where lalt is made out of lea-faiid, as in l^an- 
caffiire, and fome other places ; fo that it is much more 
than the natural quantity of fp:ir contained in water that 
is thus depofited ; and indeed it appears from trial, that 
the brine of our fait fprings, in general, contains mure 
than twenty times the quantity of fpar that common water 
does. 

This ffony mutter feparates itfelf from the water before 
the fait does, and thus it appears in many (>ther waters 
impregnated with mineral particles. The vitriolic waters 
all contain ochre and fait, and in all thefe the ochre feparates 
itfelf firll in the boiling, and then the vitriol ; and the llony 
matter precipitated from common fait fprings affords, ou an 
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analyfis, tlic lalt called nitrum ealcareum^ in confiderable 
abundance. Phil. Tranf. 156. See Sajlt. 

Pits, Forcings in Gardenings fuch as are formed and con- 
ftruded on fomewhat fimilar principles to thofe in hot- 
lioufes, lloves, &c., and which are found of very great ufc 
and advantage in raifiiig crops of culinary exotics, us 
cucumbers, and many other forts in forcing common vege- 
tables, as uiparagus ; — in raifing young exotics, as pines and 
other plants ; — or in producing grapes. For thefe general 
purpoles, pits have been couftruAed with one fingle fire, 
wliicli are capable of producing four different temperatures 
of heat at the fame time. They are, coiifequently, able to 
force all kinds of common vegetables, and capable of grow- 
ing vines, pines, and melons, each in their proper climate, 
with one lire, and little trouble or expence. Sec Hot- 
iiorsK and Sto\ i:. 

ViT~Cotih See Coal. 

Vegetables liave been conlidered .is the materials for the 
formation of pit coal ; but M. Chaptal obferves, that a few 
lorells, being buried m the earth, are not fufficieiit to form 
the mountains of coal which exill in its bowels. He thinks 
fome provifion, greater and more proportioned to the effevhl, 
IS rcqiiifite, and tliis he finds only in the prodigious quan- 
tity of vegetables which grows in the feas, and which is ffill 
incrcafed by the immenie mafs of thofe tliat are carried 
dow’ii by rivers. I'hofe vegetables carried ar. ay by the 
currents, arc agitated, heaped together, and broken by the 
waves; and afterwards become covered with ftruta of 
argillaceous or calcareous eaiili, and aie decompofed. It 
is eafier to cojiccive how thefe maffes of vegetables may 
form llratu of cu.il, than that the remains of fliells fhould 
form the greater part of the globe. In confirmation of 
this theory, Chaj)tal alleges, the prefence of vegetables in 
coal mines ; the iinprelhons of ffiells and of fim that are 
found 111 the 11 rat .i of coal, and not uiifrequently fhells 
theinfelvcs ; .mil alfo the evidence afforded by the nature 
of the mountains which funnffi coal, from which it appears 
that their formation is fub-maniie ; for they all confift either 
of fehiilus, or grii, or Innellone. The fecondary fchillus is 
a kind of coal, in wliicii the earthy principle predominates 
over the* bituminous. As the origin of tlie fehiifus, on 
which the texture of the vegetable, and the imprellion of 
filh an* well prelerved, is lub-marine, the fame mutt like- 
wife be the origin of the coal diflributed in ftrata througli 
its thicknefs. I’he grit-ltoue eonfilts of (and heaped to- 
gether, earned into the fea by rivers, and thrown up againff 
the Ihores by the waves. The llrata of bitumen which 
are found in thefe cannot but come from the lea. Cal- 
careous earth rarely eonlaiiis ft rat a of coal, but is merely 
impregnated with 11 ; the bitumen forming a c<*ineiit with 
the calcareous earth. 

Pit-coal IS ufiially found iu llrata in the earth, almoff 
alwavs in mountains of iehiffiis or grit. The fecondary 
fclnffus is the halis oi all pit -coal, and the quality of the 
coal inollly dejiends upon the properties of this bafis. 
When the fchillus predomiiuttes, the coal is hc'avy, and 
leaves a very abunihmt earthy refidence after its coinbiillion. 
As the formation of the pyrites, ns well as that of coal, 
arifes from the deLonqxjfition of vegetable and animal fub- 
ftances, all pit -coal is more or lefs pyritous ; fo that we may 
coiifider pit-coal as a mixture of pyrites, fchiflus, and bitu- 
men. The different qualities of coal, therefore, arife from 
the difference in the proportion of thefe principles. When 
the p)Tite8 is very abundant, the coal exhibits yellow veins 
of the mineral, which are decompofed as foon as they come 
in contad with the air ; and form an efflorefcence of fulphat 
of magnefia, of iron, of alumine, &c. When pyritous coal 
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is let on fire, it emits an infupportable fmell of fulphur ; 
but when the combuftion is infenfible, inflammation is fre- 
quently produced by the decompofition of the pyrites ; and 
it is this which occafions the inflammation of feveral veins 
of coal. When the fciiiflus, or flaty principle, predo- 
minates in coals, they are then of a bad quality, becaufe 
their earthy refidue is more confidcrable. The bell coal is 
that in wliich the bituminous principle is the mofl abundant, 
and exempt from all impurity. This coal fwells up when 
it burns, and the fragments adhere togetlicr ; it is more 
particularly upon this quality that the operation called 
defulphurating or purifying of coal depends. This ope- 
ration IS analogous to that in which wood is converted into 
charcoal. In the defulphuration, pyramids are made, which 
are fel on fire at the centre : when the heat has ftrongly 
p;*netratod the mafs, and the flame iflues out of the lides, 
it is thm covered with moiil earth ; the combuflion is fuf- 
focated, the bitumen is dilfipaled in fmoke, and there re- 
mains only a light fpongy coal, which attrads the air and 
humidity, and exhibits the fame phenomena in its com- 
buflion as the coal of wood. When it is well made, it 
gives neither flame nor fmoke ; but it produces a lironger 
heat than that of an equal mafs of native coal. 

It was long fuppofed that the fmell of pit -coal is un- 
wholefome ; but the contrary is now proved. M. Venel 
has made many experiments on this fubjed, and is con- 
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vinced that neither men nor animals arc incommoded by 
this vapour. Mr. Hoffman relates, that diforders of the 
lungs are unknown in the villages of Germany, where this 
material of combuftion is only ufed. Coal of a good 
quality, it is fuppofed, does not emit any dangerous vapour : 
but when it is pyritous its fmell mull be hurtful. The ufe 
of coal is generally applicable to the arts in a variety of 
ways. In Scotland lord Dundonald has ereded furnaces in 
which the bitumen is difengaged from coal, and the vapours 
are received and condenfed in chambers, by means of water, 
and thefe condenfed vapours afford an ample fupply of tar. 
M. Faujas has carried into execution a limilar procefs at 
Paris, by fetting fire to coal, and extinguifhing it at the 
proper time, fo that the vapour may pafs into chambers 
containing water for the purpofeof condenfing them. This 
tar is faid to be fuperior to that of wood. .(See T ah.) 
Pit-coal likewife affords ammoniac by diftillation, which is 
diflblvcd in water, while the oil floats above. When coal 
is deprived by combuftion of all its oil and other volatile 
principles, the earthy refidue contains the fulphats of alu- 
mine, iron, magnefia, lime, &c. Thefe falls are all formed 
when the combuftion is flow ; but when it is rapid, the 
fulphur is diflipated, and there remain only the aluminous, 
inagnefian, calcareous, and other earths. The aliimine moft 
commonly predominates. ChaptaPs Elem. of Chemiltry, 
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PITCH, in the y/r/j, a refiiittus fubftance, which is the 
refiduum of the diltillation of tar. Refin difl'crs from pitch 
in being the refiduum of turpentine, which is obtained from 
the diffirent fpecic# of pine without heat. Tar is obtain<‘d 
by cutting the wood into pieces, and cxpofing it to the heat 
by a furnace for the purpofe. This accounts for the bhu k- 
nefs of the latter, arifing from the deeompolitioii of the 
elfcntial oil by heat. Hence the fpirit of tar differs from 
the fpirit of turpentine merely in colour, from the prefence 
of carbonaceous matter. See Tak and Tuupkntim:. 

Pitch is properly a juice of the wild pine, or pitch-tree ; 
and is conceived to be* no other than the oil thereof mfpif- 
lated, and turned black, farther than in the balfam. por 
the method of procuring it from the wood of this tree, fa* 
Pink. See alfo Tukkkn'tink. 

The bell is that brought from Sweden and Norway. Its 
goodnefs confifls in its being of a glolTy black colour, dry, 
and brittle. 

This is lefs pungent and lefs bitter than the liquid tur, 
(fee Tak,) and ufed only in fome external application, as 
a uarui, adhefive, refinous fubiiance, Neumann obferves, 
that when melted wuli oils, reliii^., and fats, into ointments 
and plaller, the pitch is very apt to feparate and precipitate. 
The ancients had a peculiar kind of pitch called brui’uh 
which was infpifl'ated to a highei than ordiiniry degree for 
certain ufes ; fuch as the rec<*iving a proper tpiantity of 
bees’ wax, to render it the i^opilla ufed in coating the 
bottoms of fhips ; which the common jiitch could not do, 
being of too foft a confillence for this ufe. Pliny tells utr 
that^t was made in this manner : the wood was cleaved and 
formed into a pile, w ith proper trenches cut in the earth to 
receive wliat rim from it in burning. When the oile was 
lighted, the firft tiling that flowed into thefc trenches wa^ 
a thin fluid liquor like water. Lamp black is the loot oi 
burned pitch : and it is likcwife prepared by collecting tl.e 
foot of pit-coal. See f.aiftp Black. 

I'lTcri, JJurj(un(/yf is brought to us from Saxony, and I** 
fuppofed to be a preparation of the lame kind with tlu 
common refin of the IhopvS, only lefs diMdleJ of tlu- oil, 
made by boiling the common turpcnitine till il .lequir* i 
due confiflence. Upon making an inciliun into the hark of 
the “ Pinus abies,” or Norway fpruce fir-tree, a eleai ttiui- 
cions fluid ilTucs, wliicli concretes into a refinous lubllanoe, 
known by the name of “ refiiia abietis.” 'TIik, aft< i 
being boiled in water, and drained througli a lim n eloih, 
iscaUed in the Pharmacopeias “ Fix Burgundica,'’ or Bur- 
gundy pitch. But if the boiling of the native refin is conti- 


nued till the water is wholly evaporated, and wine vinegar 
althistiine adiK d, afubflauee of the name of “ Colophonunn’* 
is formed. 'Flie greateli quantity of Burgundy piteJi is eol- 
U*elcd in the neighbourhood of Neufchatel, wlienee it i. 
brought into this country packed in calks. A fi^^itioiKx 
fort IS made in Lngland, and found in the Ihops under the 
title of rommnn Burgundv pitch. It may be dillinguifhrd 
by its friability, want of vifeidity and uiR^hiofity, and the 
odour which charac^ferifis the genuiru- fort. Burgundv 
pitch is of a folid confidence, yet fomewliat foft, of a red- 
dilh-brown colour, and not difagreeable in fniell. It ]» 
CMtirely coiiliiu-d to external ufe, and was formerly an in- 
gredient in leveral ointments and plalfers. In inveterate 
coughs, aflertions of the lungs, and other internal complaints, 
jiladers of the refin, by actmg as a topical dimulus, are 
frequently found of confiderable lervice. See Pi.as'IKR. 

Pitch, ./tccj*. (See Biti Mi'S'.) Jews’ pitch, or af- 
phaltes, is black, hrilhant; ponderous, and vcTy brittle. It 
emits a fmell by friction ; and is found floating on tlie 
water of the lake Alphaltites, or the Dead u*a. 7'he 
alplialles of eonunerce is extracted from the mine of Anne- 
mora, and more particularly in the principality of Nciif- 
cliateJ. M. Pallas found Iprings of afphaltes on the bank^ 
of the Sock, ill Perfia. Mod natnralids, fays Chaptal, 
confider it .is amber, decom[)oled by fire. It liquefies on 
tlie lire, Iwells up and atlords flame, with an acrid dif- 
agreeahh- fmoke. By diftillation it affords an oil refembling 
pctrolcHin. The Indians and Arabs ufe it inflead of tar j 
and il is a component part of the varnifh of the Chinefe. 

Pirni, Mineral, ( See Bi'i i mkv. ) This is a modifi- 
cation of preiroleiim, Jt is found in Vranee, in Auvergne, 
at a place called Puits de Lapege, near Allais, over an 
extent of feveral leagues. The calcareous done is impreg- 
nated vvitfi a bitumen, which is foftened by the heat of 
fiimmer, when it flows from tlie rocks, and forms a very 
beautiful llalaCtites. It forms niafTes in the fields ; and 
impedes the paflage of carriages ; the peafaiits ufe it to 
mark their fiieep. This done, when rubbed, emits a filthy 
fmell. Some have afferted that mineral pitch was ufed to 
cement the walls of Babylon. 

Pitch, Naval, pix navalh, is that drawn from old pines, 
ranged and liurnl like charcoal. This, with a mixture of tow, 
or beaten cables, ferves for payung over the feams of a Ihip’i 
Tides and decks, after they are caulked, to preferve the 
oakum from any wet ; and likewife over all the furface of 
the bottom and wales ; to pay the two latter it is foftened 
with oil. 

Pitch, Nava/y is alfo a denomination given to that feraped 
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tromoffthe fides of oldveflTels ; and which is fuppofed to 
have acquired an aftringent virtue, by means or the fait 
water. It frrves to make plaftcrs ; though it is certain the 
apothecaries ufually fuhftitute the common black pitch in its 
ftead. 

Pitch, Greek, or Spant/h fitch, is that boiled in water 
till it has loll its natural fmell ; upon which it becomes dry 
and friable. 

The ancients called it colophon^' ; from Colophon, a city 
in Greece, whence great quantities were brought. See Co- 
roriiov, and Burgundy Pitch, fupra. 

Pitch, Oil of, oleum picinum, is an oil procured from pitch, 
by feparating ihu aqueous matter that fwims a-top of the 
mcltc d pitch. This, from the great virtues formerly attri- 
buted to it, was alfo called balfam of pitch. 

Pitch, Ointment of, is made by melting tar with an equal 
weight of mutton fuet, and ftraining the mixture whilft hot : 
this is ufed fometimes as a digeftive, and faid to be particu- 
larly ferviceable againll fcorbutic and other cutaneous erup- 
tions. See Tar. 

Pitch, Pilh of, are made of tar mixed with fo mucli^ow. 
dered liquorice, or other fuch powdered matter as is fufiicient 
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to render it of due confiitence ior being tormed into pills. 
See Tar. 

Pitch of Ca/lro, in the Materia Medica, the name given 
by Boccone and fome other writers to a thick kind of bitu- 
men, found ifluing out of the cracks of fome rocks near the 
village of Callro : from whence it has its name i it is famous 
in the ecclefiaftical (late for its medicinal virtues* 

Pitch, in Building, denotes the angle or gable end. 

If the length of each rafter be three-fourths of the breadth 
of the building, the roof is faid to be true pitch. This is 
ufed when the covering is of plain tiles. 

If the rafters be longer, it is faid to be a high or (harp" 
pitched roof ; if (horter, which feldom happens, it is laid to 
DC a low or Jlatpitched roof. 

If the length of the principal rafters be equ^al to the breadth 
of the building, it is called Gothic pitch. This is ufed when 
the covering is of pantiles. 

If to rule as a pediment, it is faid to be pediment pitch. 
The perpendicular height of this pitch, is equal to Jths of 
the breadth of the bunding. This pitch is ufed when the 
covering is lead. 
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Plane, a tool ufed by artificers who work in wood, to 
produce llraight, flat, and even furfaces upon that mate- 
rial, Almtfll all trades winch fabricate articles of wood, em- 
ploy planes at times ; but as joiners make a greater ufe of 
thefe tools than any others, they arc ufually confidered as 
joiners’ and carpenters’ tools. Planes have been, of late 
years, ufed by fomc artills to produce flat furfaces in metals. 
A plane operates to cut off a thin chip or (having from the 
wood on which it is applied, by the (harp edge of a fteel 
cutter or broad chifTel, called, very improperly, the plane 
iron : this is fixed in a hole made through a wooden block, 
called the plane Joci^ and the edge of the iron projeds a 
very fmall quantity through the lower fide of the (lock, 
called the face of the plane ; the furface of which face is 
made a perfedlly true plane. The iron is fixed in an in- 
clined pofition in the hole through the (lock, by means of a 
nvedge driven in before it, to jamb it fad in the liolc, which 
being wider than the thicknefs of the iron, leaves an aper- 
ture before the iron, called the yuouth ot the plane : this is 
very narrow where it opens in the lower fide or face, but 
grows wider as it rifes up through the (lock ; the wedge is 
alfo cut forked, to allow more room for the (havings which 
the plane iron cuts to pafs up before it througli the mouth. 
When a plane of this kind is applied with its face upon the 
furface of a piece of wood, and prefled down upon it whilll 
it is moved ^rwards, the edge of the iron penetrates the 
wood to the depth whicli it projeds through the face, and 
removes a fliaving of that thicknefs and the whole breadth 
of the edge of the iron, the fliaving turning up before the 
iron pafles through the mouth, and efcaping. 1 he inclina- 
tion of the iron makes it cut eafdy ; and if the iron is Jet 
fncy that is, if the edge projed^s but very little beyond the 
face, it will remove very thin (havings, and produce a flat 
and fmooth furface : on the other hand, if it is Jet ranky 
that is, with a confiderable projedtion, it will cut away 
very faft, producing a flatthougii rough furface, and quickly 
reducing the wood to its intended thicknefs : if the wood 
has an irregular furface, it foon reduces it to a plane, be- 
caufe the ^ce, being flat, will not fuller the edge of the iron 
to defeend into the hollow places, but removing all the 
eminences it paflTcs over till they are reduced to one level. 

This is a general defeription of feveral kinds of pl^cs, 
which are all known by different names, from their differ- 
ent dimenfions and purpofes. Joiners ufe the jack plane^ 
the kng plane, trying plane, Jbooting plane or jointer, and the 
fmoothing plane} all which they denominate bench planes, be- 
caule the wood they are ufed upon is generally laid on 
the work-bench. They have alfo the Jlraighi block for 
(Iraightoning (hort edges, rebating planes ior forming rebates; 
others, for tfie fame ufe, are called the moving JUlifter, fajh 
JtUyier, and ftde-rebating plane. The plough is a narrow 
plane, provided wit!i apparatus to guide it, in moving 
flraight, to plow a groove or trench at any required dif- 
tance from the edge of a board or other piece of wood, 
and to any depth or width. The dado grooving plane is 
alfo for forming grooves. 

There are fcvcral other tools, which, having an iron fitted 


into a (lock, arc called planes, bccaufe they cut in the fame, 
manner, though, in (Iriclnefs, they are not planes, for they 
do not make plane (urlaces ; lliefe are moulding planes, with 
faces and cutting edges curved, to produce all the va- 
rieties of ornament dl mouldings, and which are known by 
the names ol fnipe^ s-hilh ; fide fnipe^ s-biils, beads, hollows and 
rounds, ovol's .nid ogres, 'i'he varieties and difterent fizes of 
th(*ft‘ iorm a vail niimln'r, with which every complete joiner 
is fiirnilhcd. It is iinpofliblc to deferibe the terms applied 
to thefe tools without figures, as they are arbitrary, tliough 
generally known among workmen. The faces of all thefe 
planes arc llraight in the diredlion of their length, but a 
ledtion acrofs the face is the imprw'lTion or reverie of the 
moulding they are intended to make, and the edge of the 
iron is curved to correfpond with this curve when in it.s 
place, but will in reality be a very different figure, becaufe 
il is inclined to the face of the plane at an angle of about 
forty-live degrees. Another dittindlion between thefe and 
the bench planes is, that their mouths do not opiii fo as 
to difeharge the fliaving througli the Hock at the top 
thereof, but the wedge completely fills the hole, and the 
fliaving pafles out fideways through a hole for that pur- 
pofe ; in fomc, thefe api'rtures are on the right, and in 
others on the left fide ; in the firll cafe the fliaving is faid 
by the workmen to he throwm on the bench, that is, upon 
the right fide of the plane ; but when the orifice of dif- 
eharge is on the left, and confequently the fliaving thrown 
upon the left, then the plane is faid to throw the (having 
off the bench. The eompafs pUsnr is ufed by coach makers, 
cabinet makers, &c. ; it is made with a convex face, formed 
to an arc of a circle in the diredlion of its length, and 
il therefore forms the concave furface of a cylinder. The 
fnrkjlaff'plane\%{\vd\^\t in the direilion of its length, but 
its race 18 made concave in its breadth, to the arc of a fmall 
cylinder ; the edge of the iron is of courfe curved in the fame 
manner, and it planes cylindrical furfaces. Coopers alfo em- 
ploy long and heavy planes to form the edges of the (laves of 
barrels ; thefe are mounted in an inclined pofition on legs 
like a (tool, with their faces upwards, and tlie (lave is drawn 
backwards and forwards upon them. 

Planes are fo nccelfary for all kinds of w'ork, that any 
who intend to work in wood, fliould underftaiid the llrii 6 lure 
and the manner of ufing them. The jack plane is ufed for 
taking off the rougli and prominent parts from the furface of 
the wood, and reducing it nearly to the intended thicknefs, 
in coarfe (havings or dices. The (lock of this plane is about 
feventecn inches in length, three inches high, and three and 
a half inches broad ; all the fides are llraight and at right 
angles to each other : the mouth is cut through the foli^ of 
the (lock to receive the iron, and hold it at fuch an elevation, 
as to make an angle of forty-five degrees with the face of the 
plane ; the iron is a thin metal plate, one fide confiding of 
iron the other of deel ; the lower end of the iron is ground 
to an acute angle off the iron fide, forming a (loping part 
called the bafil of the iron, fo as to bring the deel fide to a 
(harp edge ; the wedge which fixes the iron in its place, is 
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let into two grooves of the fame form, on the fidcs of the 
opening or mouth : two fides of the wedge are parallel, and 
it is forked or cut away in the middle, leaving the fidea like 
two prongs, to fill the lower part of thefe grooves ; this 
allows the (having to pafs up without obftrudtion before the 
wedge : for the mouth or opening through the Hock mull be 
uninterrupted from the face to the t<^, and mud be no wider 
on the face of the plane, than is fufficient for the thickell 
/having to pal's with cafe ; and as the (liaving is difeharged at 
the upper fide of the plane, the opening through it mull 
expand or increafe from th(‘ face to the top, fo as to prevent 
the fliavings from flicking tliercin. A handle, called tlic /o/r, 
is fixed to the upper fide of the Hock, immediately behind 
the iron ; it is formed to llie fliapcof the hand, and dire^ion 
of the motion, fo as to produce the moll power in puHiing 
the plane forward. 

A workman in iifing the jack plane, lays llie piece of 
wood on the hmcb parallel to its fides, witli the farther end 
lodged againll the hench-hooh ; then laying the fore-part of 
the plait ‘ upon the hind end of the wood, with the right 
hand he takes the handle, and prcHing with his left upon the 
fore end, thrulU the plane forward in the direction of the 
fibre of the wood and lengtli of the plane, until he has ex- 
tended the llroke tlie whole length of his arm, the (liaving 
bt‘iiig difeharged at the oniice ; lie then draws back the plane, 
and repeals tiu‘ operation in the next adjacent rough part, 
proceeding in this maniuT until he has removed tlie rough 
parts throughout the whole breadth, lie then Heps forwards 
the dillance of the length he has planed, and operates upon 
another length in the fame manner, proceeding this way by 
Heps, until the whole length is gone over and rough planed. 
To do this is very eafy ; but a workman will not make good 
progrefs nor do clean work, uiilefs he has fail adjuHea his 
tool properly for the work. Tin* methods of doing this are 
nearly the fame for all planes. The lirH care is to obtain a 
lharp cutting edge to the iron ; if it requires grinding on the 
grindllone, the carpenter places his tw'o thumbs under the 
iron, and the fingers of both hands above, laying the bafil 
fide to the grindflone, and holding it to the angle he intends 
it ftiall make with the Heel fide oi* it, keeping it Heady wdiile 
the Hone revolves ; and prcfTuig the iron to tlic Hone witli 
his fingers ; in order to prevent the Hone from wearing tlie 
edge of the iron into irregularities, he moves it alternately 
from edge to edge of the Hone, with I'o much prefl'ure on 
the different parts as will reduce it to the required bevel, 
arid make the edge Hraight. 

I'he bafil being brouj^t to a proper angle, and the edge 
to a regular and flight curvature, the roiighnefs occafioned 
by the gritty particles of the Hone are lukeii away by 
rubbing its edge on a fmooth flat hone or Turkey Hone, 
fprinkled with olive oil on its furface. As the bafil is gene- 
rally ground, to give a more acute angle than the edge of 
the iron would Hand, for the quicker difpatch of welling it, 
the face of the iron is inclined nearer to the perpendicular, 
while it is rubbed backwards and forwards with the fame 
inclination throughout. Every time the iron becomes dull 
or blunt by ufe, the (harpening is produced by grinding on 
the rubbcr-Hone,or flat grindHonc, or on a Turkey Hone ; but 
in repeating this, after the edge gets thick, it requires fo much 
time to bring it up to an edge, that recourfe muH be had to 
the grindHonc. The iron being thus (harpened, muH be 
fixed in the plane by its wedge : the projedlion of the cut- 
ting-edge muH be juH fo much beyond the face of the plane, 
as that the workman may be able to work it freely in the aft 
of planing, and muH be regulated by the Huff to be wrought ; 
whether it is hard orfoft, crofs-gmined or curling ; fo that a 
man may be able to perform the moH work, or reduce the fub- 
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Hance moH in a given time. If the Huff is good and clean- 
grained, it is evident that a confiderable projeftion may be al- 
lowed, as a thicker (having may be taken : the extreme ends 
of the edge of the iron muH never enter the wood, as this not 
onlyetards the progrefs of working, but choaks and prevents 
the Tegular difeharge of the (havings at the orifice of the 
plane. The projeftion of the cutting-edge is called iron% 
and the plane is faid to have more or lefs iron, as the pro- 
jeftion is greater ; when there is too much iron he knocks 
with a hammer on the fore end of the top of the Hock, and 
the blows will loofen the wedge, and raife the iron in a cer- 
tain degree, and the head of the wedge muH be knocked 
down to fix it again. 

When lie has occafion to take out the iron to (harpsn it, 
he Hrikes the fore end of the top of the Hock fmartly with 
the hammer, which loofens the wedge and the iron. 

All the other bench planes are adjuHed in the fame man- 
ner, and indeed do not differ, except in dimenfions, as we 
(hall explain, from the jack plane. Of late years, a great 
improvement has been introduced in the irons of planes, to 
caufe them to cut fmooth ; thefe are called double ironed : 
they were at firH only ufed in llie fineH (hooting planes, 
but the advantages have been found fo great, particularly 
in planing bad wood, that they have become general for all 
forts of planes. The double iron confiHs of a fecond iron, 
ivith a reverfed bafil ferewed againH the front fide of the 
iron, fo that its edge lies againH the iron at a very fmall 
dillance from, and parallel to, the cutting edge ; and apply- 
ing clofely to the Heel fide of the iron, it forms an inclined 
plane, which turns the (having over immediately after it is 
feparated or cut up by the edge, and thus it prevents the 
iron from fplitting the (having deeper dpwn tlian it will 
afterwards cut, and therefore leaving a rough or torn furface. 
This fecond iron is called the cover of the iron ; and the bafil 
of its edge, in Head of being ground flat, as that of the 
iron, is rounding : the ferew, which binds the cover upon 
the iron, pafl’es through a flit in tlie cover, and thus admits 
of its edge being adjuHcd at any required dillance from the 
cutting edges ot the iron, and this dillance depends alto- 
gether on the nature of the wood the plane is to be worked 
upon. If the Huff is clean-grained, the edge of the cover 
may be fet at a confiderable dillance, becaule the difficulty 
of pulhing the plane forwards becomes greater, as the edge 
of the cover is nearer the edge of the iron, and the con- 
trary when more remote : this is occafioned by the edge 
of the cover turning the (having over immediately it is 
cut up. 

The trying plane is iifually twenty-two inches long, three- 
quarters broad on the face, and three in height j it docs 
not differ from the jack plane, except in having a double 
handle, adapted for greater force : in ufe, it fucceeds the 
operation of the jack plane, to Hraighten the wood, and 
remove the ridges left by the former ; it is fet with lefs 
iron, and cuts a finer (having : the mouth is alfo much nar- 
rower. When it is ufed upon a long piece of work, the 
workman takes every (having the whole length, by Hepping 
forwards, inHead of Hopping at arm’s length, as with the 
jack plane. The (having of this plane, though finer, is fo 
much broader than the jack, that it requires as much force 
to pufli it forwards. 

The long plane is fet very fine for finilhing work which 
is to be very Hraight ; it is twenty-fix inches long, three 
and a half broad, and three inches in height. 

The Jhooting plnne^ or jointer^ is the longeH, and moH cor- 
reft plane ufed ; it is employed after all the others, chiefly 
in (hooting the Hraight edges of boards which are to be 
jointed together ; it is genersilly made two feet and a half 
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long* three inchci and « quarter broad, and three and a 
half high; it ia ufcd like the others, but with great care 
to move it ftcadily from one end of the work to the other, 
without prelfing it down, as that might fpring the plane, or 
the work, and caufe the iron to cut when the work was 
fomething hollow, whereas the objedl is to make a per- 
fectly ftraight edge. The face of this plane mull be kept 
quite true, and therefore it is a great objedl to make it 
of a fine piece of clean-graincd, hard beech, well feafoned, 
that it may not warp, or vary, by the weather. 

The fmoothing plane is very (hort, without any handle, and 
its fides arc curved, fo that it very much refembles a coffin ; it 
is feven inches and a half long, three broad at the mouth, 
and two inches and three quarters in height ; it is ufed for 
finifhing work when put together, and to give the great ell 
degree of fmoothnefs to the wood, for which purpofc it is 
fet with as fine an edge as pollible. 

Rebating planes are ufed for cutting out rebates ; thefe arc 
a kind of femi-grooves upon the edge of a board, or other 
piece of wood, formed by cutting down or reducing a fmall 
part of the breadth of the board to half, more or lefs, of 
the general thicknefs : by this means, if a rebate is cut 
on the upper fide of one board, and the lower fide of 
another, the two may be made to overlap each other, with- 
out making them any thicker at the joint. Rebates are 
alfo ufed ^r ornamenting mouldings, and many other pur- 
pofes in joiners’ work. The planes for cutting them are 
of different kinds, fome having the cutting edge at the fide 
of the iron and of the liock, others at the bottom edge of 
the iron and the face of the flock, and others cutting 
in both ihefc direClions ; the former, being ufed to fmooth 
the fide of the rebate, are tlierefore called fide-rebating 
planes ; whilfl the others are ufed for fmoothing the bot- 
tom. There is alfo a third fort, called JilliJlrrSi ufed for 
finking, or cutting away the edge of the piece of wood 
to form the rebate, leaving it for the others to fmooth the 
furfaces when cut. The rebate planes are about nine 
inches and a half long, and of various widths upon the face, 
from half an inch to an inch and three quarters ; in all cafes 
they have the mouth and the edge of the iron coming 
out at one edge of the face, and the fide of the iron alfo 
expofed at one of the upright fides of the Hock, whether 
it is formed with a cutting edge there or not ; this expofed 
fide is cither on the nght or left, and they are named ac- 
cordingly. In all cafes they throw the Ihaving out on the 
fide, inilcad of at the top of the ftock. The cutting edges and 
mouths are generally fituated obliquely acrofs the face, in- 
ftcad of being at right angles to the length of the plane, 
as in others. 

The moving JilMer is a rebating plane, which hat a 
ruler of wood, cdled the fences nxed upon its face by 
ferews in the direction of its length, and exactly parallel to 
the edge of the face ; it therefore covers part of the length of 
the cutting edge, and can be fixed at any required diltance 
from the edge, to leave more or left of the cutting edge 
expofed, and this quantity will be the breadth of the re- 
bate it will cut ; becaufe when it is ufed, the edge of the 
fence is applied againll the edge of the piece to be re- 
bated, and thus gauges the breadth its iron lhall cut away. 
The cutting edge of this plane is not fituated at right 
angles to the length of the Itock, but has an obliouity of 
about forty-five degrees, the expofed fide of tne iron 
being more forwards than the other. By this obliquity, 
when the plane is worked, it has a tendency or drift to run 
farther into the breadth of the wood, but as the fence. 
Aiding againfl. the edge, prevents this, the drift always 
keeps the fence in contad with the edge, without the 
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attention of the workmen ; it alfo caufes the iron to cut 
the bottom of the rebate fmoother, particularly in a 
tranfverfe diredlion to the fibres, or where the duff is 
crofs-grained, than could otherwife be done, when the 
fteel face of the iron is perpendicular to the vertical fides 
of the plane. The principal ufe is, however,- to con- 
tribute, with the form of the cavity, to throw the Aiaving 
into a cylindrical form, and thereby making it ifTue from 
one fide of the plane. The iron is what is called Hiouldercd, 
that is, the Iowit part or flioulder when! the edge is, has 
double the width of the upper part, which is received into 
the mortife, and jambc'd fall by the wedge. It is the 
edge of this wide part only wluch is expofed at the fide of 
the ftock. Befides this principal iron, there is another fmall 
iron, called the tooth, which precedes the other, to fcratch 
or cut a deep crack at the width of the rebate, thus making 
the lhavings wluch the iron cuts up fiom the bottom 
feparate fideways from the reft of the wood. This tooth 
is inferted in a vertical mortife through the ftock, between 
the fore end of the ilock and the iron. The lower end of 
this little iron is ground with a bafil on the infide, fo as to 
bring the bottom of the narrow fide of the iron to a very 
convex edge; it is failencd by a wedge palling down be- 
fore It m the mortife in the ftock. The ule of this tooth is 
principally for cutting the wood tranfverfely when wrought 
acrofs the fibres, and by this means ii not only cuts the 
vertical lide of the rebate quite fmooth, but prevents the 
iron from ragging or tearing the ftufl. T'hc iron between 
the fence and the edge of the face of the plane, mull pro- 
je6l the whole breadth of the uncoven d part of the face, 
otherwife the wood of the plane will bear it up, and prevent 
the plane finking as it cuts away the rebate, and the edge 
of the tooth or little iron Ihould Hand out a little farther 
on the fide of the plane than the iron. The depth of the 
rebate which this plane will cut, is regulated by a Hop 
fixed on the outfide of the plane, at the intended height 
above the level of the face : then, when the pluie has pene- 
trated or funk the intended depth of the rebate, the Hop 
comes to bear upon tlie folid of the wood beyond the re- 
bate, and bears it off from cutting any longer. The flop 
is a piece of brafs, which moves in a vertical groove made 
in the fide of the ftock, between the iron and the fore end 
of the plane ; in this it is moved up and down by a ferew, 
which is inferted ui a vertical perforation from the top of 
the plane to the groove, and palling through a part pro- 
jelling from the (lop into the groove : (he upper part of 
the ferew is formed to a thumb-nut, to turn U round by, 
and it is fo confined by proper collai's, that it can neither 
move up nor down ; but being turned, the inclination of the 
threads will rife or fall according to the direction in which 
the thumb-ferew is turned, and caufe the ftop to move up 
and down in the groove on the fide of the plane, thus regu- 
lating it at pleafure to the depth to which the rebate is re- 
quired to be funk. 

In grinding and fixing the iron of this plane, it is necef- 
fary that the cutting edge of the iron Ihould ftand equally 
prominent in all parts out of the face, otherwife the plane 
cannot make lhavings of an equal thicknefs j and, confe- 
qucntly, inftead of keeping the vertical pofition, will, as it 
proceeds, become deeper on the fide on which the lhavingt 
are thickeft, and then the part cut away will not be regular, 
for the bottom of the rebate will not be par^lel to the up- 
cr furface of the wood, and the fide which ought to have 
een vertical, will be a kind of a ragged curved furface, 
formed by as many gradations or Heps in the depth as the 
number of lhavings. 

The fq/h ilHJier differs in feveral particulars from the mov. 
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ing fillifler : the breadth of the iron is fomething more tl>ait 
the whole breadth of the folc, fo that the extremities of the 
ciittirig edge are in a fmall degree witliout the vertical fides 
of the IloA: the fence is adapted to be moved to a con- 
fiderable diilance, not being fixed, as in the moving hllifter, 
by fcTCws upon the face, but fullained by two bars fixed fall 
to it, which pafii through the two vertical Tides of the Hock, 
at riglit angles lo the ildes, fitting tight in the two holes 
throin^h whicli th-'y pafs ; thefe bans are made rounding 
upon the uppi r llth' and flat on the lower fide : at the point 
where they are united to llic fence, they have thicker parts, 
or Ihoulders, pi njci^ling dv>wii wards;, becaule it is neceffary 
to have the f<*nci* fixed on a low* r level tlian the face of the 
plane : the eiuU of tlie bars are ferruled, to pieveut fplitting 
when the ends are llruck with a malh*t, in orde'r to move 
them in the holes through the flock, and this brings the 
fence either nearer or more reinot*- from tliO flock, as ma) 
be wanted; and to fix it fa/l, wiien fo adjidled, two frnall 
tapering pieces of woofl, called key?i rec infertcdinto two 
fmall vvedge-liin' rMortiles, cut at I lie fide:, of the mortifes 
in which the b.ns p:\f» thiuugh the flern; thefe wtdgcs 
being diawn in, tliey will iHok fail, and preis agahJl the 
bars, ki'eping tliem f.'il at all poinls, and thertb) r.gn- 
late tlie diilance of the fenci' from the verncal Tide of the 
Hock, This pla:*e is generally employed to refute narrow 
pieces of wood, fuch as fafh a mes ; aiui the fence is applied 
againll the oppofito edge of Jie wood to that on which the 
rebate is to be formed. 

The plough is a plane with a very narrow face, made of 
iron, fixed beneath a woiAden Hock, and projedting down 
from the wood of the Hock, tlic ulge of the iron ben.g the 
full width, or rather mon*, tluii the face ; it is giud d by a 
fence with two burs, like the filliller above diHrihed, to 
make or plough out a groove of the width of the iron, and 
at any required dillance from the ed<rt‘ of the wood ; it has 
alfo a fimilar Hop to regulate the depth it cuts to. 

Plane for pinning furfaces of Metal * — This tool has been 
brought into ufe w’ithin thefe few years paH, to the great 
improvement of the w'ork of thofc artifls who employ it. 
Thefe arc chiefly the mathematical inllrument-makers who 
are in the conHant habit of having to make Hraight rulers 
in brafs, and prepare work requiring very flat furfaces, fuch 
as the limbs of fextants, &c. ; but all trades wl ich w<rk in 
brafs and iron, wvmld find their advantage in employing the 
plane. The flock of this plane is ufually made of call-iron, 
in form of a hollow box, the bottom, fides, and ends being 
all caH in one piece ; it is ufually 12 inches in length, ni 
height, and l i in breadth acrofs the face ; the iron is fituated 
at about four inches from the fore end, not inclined, as in 
other planes, but held in a perpendicular direiilion, with its 
lower or cutting edge palling through the mouth, and pro- 
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jelling the leaH poihble quantity beneath the furface of the 
face, but leaving only fo fmall a fpace before the edge for 
a mouth, as will but juH admit a piece of thick paper ; the 
iron is held againH'^a brafs frame fixed acrofs in the hollow 
of the box or plane, and containing within it a ferew, on 
which a nut or Aider is fitted, to rife and fall when the ferew 
is tmmed round by a milled head upon the upper end of it ; 
the nut or Aider has a projcdling pin, w'hich enters into a 
round hole made through the iron ; and in this cafe, by 
turning the ferew, the iron is raifed or depreA'ed, to caufe the 
edge to protrude more or lefs beyond the face ; to fupport 
this frame behind, a block of wood is fitted into the hollow 
of the Hock, to fill up all the cavity, and it projects fo 
much above as to form the handle for the plane. 

In the front end of the Hock a ferew is tapped through its 
thicknefs, and adls againll a piece of wood, which it prefles 
up .fgainH the iron, and thus holds it fall againll the brafs 
frame, in the fame manner as the wedge of a common plane ; 
this piece of wood is formed forked and hollowed where it 
applies lo the iron, lo allow room for the chips to come up 
from the mouth. The workmen who ufe this plane call it 
Jlriping^ inHead of planing, brafs or other metal. 

The metal plane is ufed in the fame manner as a carpenter's 
jack plane, but as the Aiaving it cuts, or rather ferapes off, 
mult be exceedingly thin, the greatell nicety is neceffary in 
adjulling the projedlion of the iron beyond the face ; and 
for this rcalon the ferew iseAential. 

, The work is to be lupported upon a firm bench, which 
is beH made of call -iron, and the furfaoe of it made per- 
fedlly flat, which is done by grinding the face of the plane 
againll it with emery, till both are true. The front face ol 
the iron is quite flat, and perpendicular to the face ; the edge 
is formed at the bottom of this furface by grinding a bevel 
irom the back at an angle of about 45 degrees ; the edge 
is then made fine by a Turkey Hone, I'lie iron muH be ex- 
ceedingly liard and of the very bell Heel, and then the plane 
will cut loft Heel, hell-meta), or LaJUiroHy as well as brafs, 
to very good purpofe. When the work is rough, it is diffi- 
cult for a man to work the plane, il let coarfe for expedition, 
they therefore uf* , in fuch cafe, an iron which is cut with 
flutes on the front Tulf, and then the edge will be divided 
into feparate teeth, which Icrapc and cut away with Icls re- 
finance than a comph tc edge. Meflrs. IToltzapfell and 
Deyerlieu of Cockfpur-ilreet, make thefe planes for metal 
of exceedingly hard caH-iron, and very true faces, which do 
not therefore become fcralched or injured by wear. It 
Ihould have been mentioned before, that joiners, cabinet- 
makers, &c. in planing thin or valuable woods for veneering, 
&c, lomctimes iile fluted irons, having teeth in their edge ; 
and a plane thus mounted is called a toothing plane ; thefe 
irons apply to the Hocks of different planes. 
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PLANING Maciiinks, arc machines ufcd to dirninifli 
the great manual labour of planing the furface of planks 
and boards of wood : in ilriftnefs, tliofe aloijc fhould be 
termed planing machines, which operate to reduce the fur- 
face of the wood to a true and fmooth plane, hv means of 
planes or inllruments of a fimilar nature, thougli aftuated 
by the power of machinery iiiftead of the llrength of a 
maiPs arm ; but cullom has denominated thofe machines 
which cut flat furfaccs in a different manner from planes by 
the fame name. 

Thefe machines are of modern invention ; the firil, we be- 
lieve, was projected by general Bcntliam, who obtained a 
for it in 1791. It confiited of a plane, to be put in 
mouon by means of a crank turned by a mill, to give it a 
reciprocating motion ; or on a fmaller fcale it might be worked 
l)v band in the ulual manner, but the plane was fo formed 
as to reejuire none of the (kill and attention iiecefl'ary in the 
ordinary method of operatirig : here the workman, befidcs 
exerting the fora* nccellary to force the inftriimcnt along, 
has feveral points to attend to, even in the Ample cafe of 
planing a itraight board he mull adjuft his tool to the 
board in a proper manner for beginning the llrokc, and em- 
ploy fufficient force to keep it down to the board ; and in 
returning, he mull raile it up off’ the board fufiicient to lave 
the cutting edge from injury ; lie muil alfo guide it fide- 
ways to prevent it flipping oft the board, and if this is wider 
than thoTplanc, he muff conftantly examine if he reduces 
the middle and the Tides in a proper manner to make a plane 
furface; and, lallly, he mutt obferve the marks he pre- 
>ioufly makes for the thicknefs of the board, that he may 
keep it parallel, and not reduce it too thin. By the general's 
invention all thefe circumllances are gained at once; the 
plane is made the full width of the boards intended to be 
planed, and on each fide of it fillets or cheeks are fixed, 
w^hich projedf beneath the face of the plane jult as much as 
the thicknefs the board is to be reduced to : thofe cheeks, 
therefore, guide the plane fidcways in pafling along the board, 
and gauge it in thicknefs ; becaufe, when the board is re- 
duced to the quantity which the checks are beneath the fur- 
face of the plane, the cheeks reft upon the bench or furface 
on which the board lies, and bear off the plane, fp that it can 
cut no longer. The plane is kept down by its own weight, 
which is mcreafed, w'hen neceffary, by loading it witli 
weights, and thefe are contrived to be capable of Ihifting 
their pofition from one end of the plane to the other during 
the time it is making the ftroke ; bccaiife, at firft the preffure 
is required at the fore end to enter the cut, but at the con- 


clufion it mutt be greatett at the hinder end, to prevent the 
fore end tripping down the inff ant it leaves the board. By 
another contrivance the plane is cau(ed to rife up fufficicnlly 
to clear the cutting edge from the wood when the plane is 
on its return. It is by a piece which a6h as a handle to the 
plane, and to which the power is applied, that it is fixed in the 
manner of a lever upon an axis eitending acrofs the widtli 
of the plane, and carrying at each fide thereof a fliort lever, 
provided with rollers in their extremities; the handle projefts 
uj>vvard8 from the plane, which being forced forwards by it, 
ailiiincs an inclined pofition, as do alfo the fhort levers, and 
their rollers then rife above the checks of the plane; but 
when the plane is drawn back, its handle is firll drawn back 
into an cred pofition, and the levers moving with it, their 
rollers project beneath the cheeks of the plane, and raife it 
off the bench, the plane being in its return borne by them. 

The bench for fupporting the board during the operation 
was alfo of a peculiar conllruftion, in order to confine the 
work Heady upon it. In cafes when the boards to be planed 
arc winding or irregular on the lower fide, fo that they cannot 
lie flat upon the bench, it is provided with two fides, wiiich can 
be brought to clofe upon the edges of the board, and hold 
it Heady between them, being furnifticd with one or more 
rows of flat teeth to penetrate the wood and retain it ; thefe 
fides are contrived to rife or fall upon the bench, to accom- 
modate the different thickneffes of the boards. When a 
very thin board is to be planed, it might be liable to fpring 
up to the iron, fo as to be reduced even after the plane came 
to reil with its cheeks upon the bench ; to avoid this the 
edges of the board are to be held by the fides to the bench 
above-mentioned , but as it would Hill be liable to fpring up 
in the middle part, heavy rollers, or rollers loaded with 
weights, arc fitted in apertures made in the plane as near as 
pomble to the cutting edge, and thefe will keep the board 
down clofe upon the benai. For planing pieces of greater 
thicknefs at one end than the oilier, the cheeks of the plane 
are to be borne upon rulers of wood laid on the bench ou 
each fide, the wood being as much thicker at one end as the 
board is intended to be thinner at that end ; therefore, when 
the plane has reduced the wood, the checks come to bear 
upon thefe rulers, and caufe it to move not parallel to the 
bench, but inclined, according us they arc thicker at one end 
than the other : in like manner, by ufmg them of different 
thickneffes at the different fides the boards may be made 
feather-edged. 

Mr. Bramah invented a planing macliine, which he has 
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iifed very advantagcoufly fof planing all kinds of timber 
flat, at an exceedingly fmall ex pence. In ?8o2 he took out 
a patent for the invention, which he deferibes in his fpecifi- 
cation to confift; in the following particulars. ‘‘The cutting 
tools employed to reduce the wood, inilead of being worked 
by hand are to be fixed on frames, fome of which are 
moved in a rotatory direction round an upright fliaft, and 
others have a fliaft lying in a horizontal pofition like a com- 
mon lathe. In other initances, the tools are fixed on frames, 
which Aide in ftationed grooves to be driven alfo by ma- 
chinery. The principal points on which the merits of the 
invention reft are, i. The materials to be wrought are 
made to Aide in contad with the tool, inftead of the tool 
being carried by the hand over the work in the ufual way. 
2. The tool IS made to travel acrofs the work in a 
fquare or oblique diredion, except in cafes where it may 
be neceflary to fix the tool in an immoveable ftation, 
and caufc the work to fall in coiitad with it by a mo- 
tion. 3. Inftead of common tools, bent knives, fpoke 
fliavcs, or deep cutting gouges, arc ufed for cutting 
off the rougheft parts, and pkines of various fliapes and 
conftru6tioti8, as the work may require, are applied to fol- 
low the former in fucceflion, under the fame operation, and 
which latter I call finifliers. 4. Tkefe are fixed on frames 
which move in cales, like thole on which the favvs are fixed 
in a fawMng-mill, and in other jiiftances thefe frames arc 
fixed on a rotatory upright fliaft turning on a ftep, and carry- 
ing the frame round in a diredioii fimilar to the upper mill- 
ftone for grinding corn, and fometimes the frames turn on 
a horizontal fliaft, rcfcmbling the mandrel of a common 
turning lathe. The different planes, tools, &c. are fixed 
in the frames, fo as to fall fuccelfively in contad with the 
wood or other materials to be cut, fo that the cutter or tool 
calculated to take the rough and prominent part operates firtt, 
and thofe that follow mull be fo regulated as to reduce the 
material down to the line intended for the furface. Thefe 
cutter frames mull alfo have the property of being regu- 
lated by a ferew, or otherwife, fo as to approach nearer the 
work, or recede at plcafurc, in order that a deeper or flial- 
lower cut may be taken at diferetion, or that the machine 
may repeat its adion, without raifing or deprefting the ma- 
terial on which they ad. 5. WJicn an upright fliaft is 
ufed, the pivot is to turn in oil, and it may be raifed or de- 
preffed at pleafure, by means of a greater or lefs quantity 
of the faid fluid being confined between the end of the fliaft 
and the bottom of the llep. 6. The materials to be cut 
mull be firmly fixed on a frame, fimilar to thofe in fawing- 
inills, on which the timber is carried to the faws. Thefe 
Iranu s mull be moved in :i Heady progreffive manner as the 
cutter frame turn:; round, citlier by the fame power which 
moves the hitter, or otherwife, as may be found to anfwcr 
heft in pradice. 7. The motion of the cutter frames mull 
be under the controul of a regulator, fo that the velocity 
of the tool, in pafling over the work, may be made quicker 
or flower us fiich work may refpedively require, to caufe 
the cutter to ad properly to the bell advantage.'* For this 
purpofe Mr. Bramah propofes to uie wliat he calls a uiii- 
vcrlal regulator of velocity, and which he deferibes as fol- 
lows ; “ 1 take any number of cog-wheels, of different dia- 
meter, with teeth that will exadly fit each other through 
the whole ; fuppofe ten, or any other number, but for an 
example fay ten, the fmallcll ot which fliall not exceed one 
inch in diameter, and the large 11 fuppofe ten inches in dia- 
meter, and ajl the reft to mount by regular gradation in 
their diameters from one to ten. I hx thefe ten wheels, fall 
and immoveable, on an axis perfedly true, fo as to form a 
cone of wheels ; I then tak^' ten other wheels, exadly the 
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fame in all refpeds as the former, and fix them on another 
axis, alfo perfedly true, and the wheels in perfed gradation 
alfo ; but thefe latter wheels I do not fix fail on their axes, 
like the former, but leave them all loofc, fo as to turn upon 
the faid axes, contrary to the former, which are all fixed. 
All thefe latter wheels I have the power of locking, by a 
pin or otherwife, fo that I can at diferetion lock or unite 
any lingle wheel at pleafure to the axis. I then place the 
two axes parallel to each other, with the w'heels which form 
the two cones as above deferibed, in reverfe pofition, fo that 
the large wheel at one end of the cone may lock its teeth 
into the fmallcll one in the cone oppofitc, and likewife vice 
verfd*^ Then fuppofe the axis, on which the wheels are per- 
manently fixed, to be turned about all the wdieels on the 
other axis will be carried round with velocities corre- 
fpondent to their diameters and thofe of the former, but 
their axes will not move. Then lock the largeft wheel on 
the loofe axis, and by turning about the faftened axis, a? 
before, it mult take ten revolutions, while the oppofitc 
wheel perforins but one ; then by unlocking the largell 
wheel, and locking the fmallcll one at the contrary end of 
the cone in its Head, and turning as before, the faftened axis 
will then turn the oj^polite ten times, while itfelf only re- 
volves once. Thus the axes or ftiafts of thefe cones, or 
conical combinations of wheels, may turn each other reci- 
procally, as one to ten, and ten to one, which colledivel) 
produces a change in velocity, under an uniform adion of 
the primum mobile, as ten to a hundred ; for when the fmall 
wheel on the loofe axis is locked, and the fall one makes 
ten revolutions, the former will make one hundred ; and by 
adding to the number of thofe wheels and extending the 
cones, w^hich may be done ad injinttumy velocities may be 
likewife infinitely varied by this fimple contrivance: A may 
turn B with a fpeed equal to thoufands or millions of times 
its own motion ; and by changing a pin and locking a dif- 
ferent wheel, as above deferibed, B will turn A in the fame 
proportion, and their power will be transferred to each, in 
proportion as their velocities reciprocally. Here is an uni- 
verlal regulator at once for both power and velocity. In 
fome inftanecs I produce a like eff'ed, by the fame neceffary 
number of wheels made to correfpond in conical order, 
but inilead of being all conftantly mounted on the axes or 
fhafts, as above deferibed, they will reciprocally be changed 
from one axis to the other, in Angle pairs, to mutch accord- 
ing to the fpeed or powxT wanted, juft as in the fqrmer in* 
fiance. This method will have, in all rcfpcci^s, the fame 
effe£l, but not fo convenient as when the wht'cls are all 
fixed.*' 

The utility of Mr. Bramah’s machine, not lefs than its 
ingenuity, has induced us to procure drawings of one of 
them, which he has in conftant ufe in his factory at Pim- 
lico. It is upon exadlly the fame conftrudlion as one he 
made for the royal arfenal at Woolwich, by which all 
the limber for gun-carriages, and other fimilar articles, 
is ngw planed at a trifling expance, compared with the 
old method of planing by hand labour. Sec Plates I. 
and II. Planing Machine y where i. is a plan of the 
wdiole machine, and Jig, 2. an elevation thereof ; A a is a 
vertical axis, put in motion by a lleam-engine, the power 
being communicated to it by a pair of bevelled wheels B, 
one fixed on the vertical (haft, and the other at the extre- 
mity of a horizontal fpindle C, fg, i ; fee alfo Jig, 8. 
Plate II. wluch has a live and dead pulley upon it at r, for 
the reception of an eiidlefs ft rap, by which the machine is 
driven. The (haft A is for the purpofe of carrying an 
iron wheel 33, (hewn feparate in Jtg, 3 ; it has the cutters 
fixed at the different points 7, 7, 7, 7, of its circumference ; 
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thefc arc fix in number at each fide, and are formed with 
cutting edges fimilar to gouges or fcoops (fee^7. 7.) ; at 
the two oppofite points, 4 and 5, it has fmall planes fixed 
in its rim, as (hewn feparate in Jigs. 4 and 5 : when this 
wheel revolves, its cuttters will cut away all which projeds 
above the plane of their motion ; the wood is carried under 
them with a progreffive motion, upon two moveable car- 
riages E E and E E, one at each fide of the wheel, and 
moving in oppofite directions ; they traverfe upon iron beds, 
ar railways F, F, which are more than double llic length of 
the carriages: thefc are fupported on iron legs, from a 
foundation of mafonry, and well united together by crofs 
pieces D, D, to keep them always in one plane, for upon 
this circumftance the truth of the planing depends. The 
pieces of wood to be planed are fixed down upon the car- 
riages at G, G, and held firmly by fcrcw-clarnps with pro- 
per contrivances ; the machine is then put in motion, and 
at the fame time that the wheel is revolving t)ic carriages 
are both drawn in oppofite diredtions beneath its cutters, 
which foon clears away the wood to a perfedf plan*', by 
making fuccelfivc ftrofecs obliquely acrols the wood, and 
as the carriages advance thefe llrokcs proceed in fucceflion 
from one end of the piece to the other. The gouges 7, 7, adt 
firft to chop, or hew away the wood roughly, but to a flat 
furfacc, and then the planes 4, 5, follow and reduce it to 
a fmooth plane : this is accompliflied by tlieir being placed 
rather nearer the centre, fo that they revolve in a rather 
fmaller radius, and thus adt upon the wood after the 
gouges have finiihed. We (hall now enter more minutely 
into the details of the machinery : the two carriages E, E, 
are put in motion alternately, by means of an cndlefs chain 
H H, which is extended between two horizontal wheels 
K, I ; the centre pin of the latter is fixed in a piece of wood 
f/, fitted in a groove formed between the two adjacent rails 
F, F, on which the carriages run ; the fiider has a ferew 
by which it is forced outward, and thus ftrains the chain 
between the two wheels fo tight, that when the wheel K is 
turned round, it will draw the chain, which being conned^ed 
with the carriages beneath, gives them both a progreffive 
motion. The wheel K is fixed upon a fhort vertical axis, 
upon the lower end of which is a pinion L, having its teeth 
engaged with a rack M, attached to the pifton^rod of a 
cySndcr lo, fituated horizontally on the ground (fee alfo 
Jig. 10. Plate II.) : the pifton-rod, M, is fitted through a 
ftuffing-box, r, at the end of the cylinder, and the pifton, 
is fitted accurately to the chamber with leathers, to make 
it perfcftly water-tight : the cylinder is bolted fall down 
upon the floor framing, as fliewn in both figures, and pipes 
g, h, enter into it at each end, for the purpofe of intro- 
ducing or returning water, which ads upon the pifton/, to 

§ ive it an advancing or retrograde motion, upon the hydro- 
:atic principle invented by Mr, Bramah, and deferibed at 
the end of our article Machinery ; fee alfo Press, Hydro- 
fiatic. The ftcam-engine which gives power to the v/hole 
it^achine alfo works a fmall forcing pump, or ijedor, 
which is conftantly pumping water into an air-veflel, under 
a great preflure : from this Snail copper pipes arc conduded 
to the machine, to operate, when required, either in the 
cylindjr 10, or in another, which is the ftep, or fupport oi 
the main vertical fliaft, and gives the means of railing or 
lowering it with the wheels and cutters all together, to 
caufe them to reduce the wood upon the bench to any re- 
c[uired thicknefs* The admiifion of the water into thefc 
cylinders is regulated by cocks, fituated at one fide of the 
machine, in a pofition where a perfon can, at the fame time, 
manage them, and have a complete view of all the machine, 
to watch its operation. The relative pofition of thefc cocks 


is (hewn in Jig. 8, where that for the lervice of the cylinder 
is marked N, and the other for regulating the thicknefs is 
marked O, and i is the pipe leading from it to the bottom of 
the cylinder 13 ; the cocks thcmfdves are ftiewn on a large 
fcale in 1 1 and 1 2 : the entry pipe, which brings the 
water from the injedor, is here plainly fliewn, with two 
branches leading to the cocks. From the cock N, a paflage 
diredly oppofite to the entry leads to tlie wafle, or cfcapc- 
pipe ; and on the two oppofite Tides, at right angles to the 
former, are pipes g and I, leading to the front and back of 
the cylinder : the cock itfclf has two curved paflages 
through it, which will make communication with any two 
adjacent pipes of the four ; thus, as it Hands in the hgure, 
the water from the entry pafles to the back of the cylinder, 
whilft the water contained in the front end is at liberty to 
cfcape at the wafte pipe. In this lituation the pifton is 
moved towards the front end of the cylinder, and turning 
round the pinion and wheel K, (Jgs. i and 2.) moves 
both carriages in one diredion : now by turning the cock 
N a quarter of a revolution in either diredion, the 
fame paflages make a different communication, viit. from 
tlie entry to the front of the cylinder, and from the 
back to the watte ; this throws the ad ion upon the front 
fide of the pifton, drawing it to the back end of the 
cylinder, and moving the carriages in an oppofite direc- 
tion. By turning the cock only ^tli inftead of ^th, 
all the four paflages are clofe flopped, and no motion 
takes place. The otlier cock, O, is more Ample 5 thus, 
the entry is on one fide, the pipe i at right angles to it, and 
the wafte oppofite the latter ; the paifage in the turning 
part of the cock is made diametrically through it, and an- 
other at riglit angles into it. In the pofition of the drawing, 
the pipe, f, is open to the wafte, and permits the water in 
the cylinder 13 (Jg. 8.) to cfcape 5 but when the cock is 
turned round one-fourth, to bring the fhort paffage oppo- 
fite the pipe i, a frefh fupply of water will be admitted from 
the entry into the cylinder 13, or, by turning a little farther, 
all of them are fluit. The cylinder nurked 13 [Jig. 8.) ivS 
fixed by ferews in the middle of one of the crofs bars D ; it 
is accurately bored withiufide, and fitted with a pifton P, 
(fee alfo/jr. 13.) which is packed w ith leather cups, fo that 
no leakage can take place by the fide of it ; in the upper 
fide of the pifton is a perforation for the reception of a ftetl 
pivot, which is fixed in the lower end of the great vertical 
fpindle A, and thus fupporls its weight as it revolves ; the 
upper end, a, of the great fpindle is fitted through the cen- 
tre of the cog-wheel, B, with a fillet, fo that it has free 
liberty lo r.l'c and fall, but cannot turn round without the 
wheel ; the wheel itfelf is fupported by means of a cone 
formed on the lower part of it, and fitted into a focket fup- 
ported at the lop of four iron llandards Q, Q, which are 
erected from the iron framing below, and thus they fuftain 
the axis and wdiecl very firmly from tlie fame frame as the 
rails F, F, wliicli fupport the carriages. At the top of the 
vertical fpindle a ftiackle, a, is fitted, by a pin with a head, 
inferted into the end of the axis, and retained by a crofs pin ; 
by this means the lhackh* is united to the fpindle, to rife and 
fall with il, but not to revolve with it ; a chain is attached 
to the fliacklc, and pafles over a pulley, as fliewn at m, in 
Jig. 2, andthcnccto a fmall pulley tt ; to this is attached a 
larger wheel, 0, from which a chuin is carried, to fufpend a 
heavy wooden ruler fituated at fomc diflance from the 
machine, and Aiding in a groove ; it has divifions flu* wing 
inches and parts graduateti upon it, whicli are determined 
by an index fixed to the wood of the groove. On this fcale, 
thofe divifions w hich are marked inches are three times that 
length, bccaufe the wheels n and 0 are as three to one in dia- 
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jneter : this fcalc (hews the thickncfs to which the machine 
will reduce the wood upon the carriages, the index being fo 
adjulled that it Hands at zci'o of the fcale when the wheel 
3 3 is lowered down till its cutter cuts the furfaceof the car- 
riage ; then by turning the cock N, the water is very gra- 
dually admitted into the cylinder 13, and elevates the 
pilloii P, the (haft, and wheel altogether, to any required 
height above the bench, which is flicwn in inches and parts 
by the fcale to very great accuracy ; for by the cock being 
very partially opened, the wheel rifes fo flowly, that it can 
be adjulled to the greatell nicety. The wheels « and 0 are 
Aipportrd in the door above the room, as is alfo the frame 
for the fupport of the axis, C, of the live and dead pulley c\ 
the endleis (trap of this pulley is guided through an eye at 
the end of an iron rod 8, which is joined to a lever T, 

coining down in reacli of the attendant, who alfo manages 
the cocks N, O. 

Tile conllru6tioii of the cutters is flicwn in^. 7 : here 3 
is a fe<Ptl()n of a part of the rim of the wheel, and t an iron 
chiinp ferewed fall down upon it, as flicwn in^^. 3 ; the 
clamp has a v(Ttical mortife through it for the receptioi] of 
the lltmi of the gouge cutter 7, whicli is fixed fall therein 
by a wedge piece and ferew •v : by this means they can all be 
adjulled till their edges come exactly into one plane, 
though not quite fo deep as the faces of the planes : thefe are 
made, as Ihewn \nfgs, 4 and 5, in iron, being received into 
an opening in the rini of the wheel, and held fall by two 
bolts, '«», ctf, with keys above the furface of the wheel to 
keep tliem fail ; the plane iron, .r, is double, and fixed into its 
place by an irr^ i wedge y, formed llmilar to that of a car- 
pciitcrs pi’/. . 

It only now remains for us to explain the conllru£lion of 
the .logs or claws for holding the work fall down upon the 
bench- s E, E ; thefe are or two kinds, lome fixed on the 
oulfides of the carriage, and others in tlie middle, which 
draw up by ferews to liold the wood fall ; tlie carriage is 
compofed of two large beams E, E, Jig, 9, wliich is a crofs 
location of it ; thefe are united by proper crofs piec<'8, and 
run upon the rails F, E, with metal pieces fixed on the lower 
fides of them. There arc alfo feveral call -iron frarues fixrd 
acrofs, as flicwn by the dark lhaded parts k ; each conlills 
of two cheeks, all formed from one piece, and leaving a 
roove between them ; in this groove a Inig ferew, /, is fitted 
y a collar at one end, and operates upon a Aider, 8, lilted 
into the groove ; a dog marked z, and bent fomething 
like an S, is attached to tliis Aider, and projcdls above the 
bench, having a lharp point which penetrates the wood 2 G, 
and forces it againll the other claws, r, r, fixed on the out- 
fides. When the wood, as G^fg* 9» is of fmall li/e, anotlier 
fmall claw, 9, is applied ; this is ferewed into a nut of brafs, 
which Is lilted into the groove, then a freond piece of wood, 
2, is applied between it and tlie dog to tranfinit the force 
of the mrevv, /, to the other one at 9 ; the outflde claws, r, 
are formed on the top of fquare Rems, which are fitted 
through clamps affixed to the Tides of the carriages, as flicwn 
in Jig. 6, and provided with clamp ferew^s, by which they 
can be fixed at any required height. The dogs % are very 
limply attached to the nut 8, by being applied upon the 
flat top furfaceof it, and one point enters into a fmall hole 
made in the fore part of the nut S ; by this means it is Amply 
hooked into its place, and when the ferew is turned, it can- 
not get loofe ; another advantage is, that the clamp may be 
reverfed, or turned the other way, and then the ferew can 
be employed to hold the wood betw'een ss, and the claws, /■, of 
the oppolite fide of the carriage. By thefe means the bench 
will hold a large pi<’ce of wood of the full width of the 
bench, or by introducing one of the clamps, 9, betUTcn 
each piece, it will hold as many narrow ones as will make 
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up the width, and they will be all planed together to one 
furface. 

The endlcfs chain H, which gives motion to the car- 
riages, is connedled wdth them by means of a piece of wood 
H, Jig. 9, projecting down from it, and divided into two 
halves, between which the chain can be clamped or jambed 
fall when they are drawn together by a ferew 6 ; therefore, 
by relieving this ferew^, the two halves open fo much, as to 
permit the chain to Aide freely between them-{ in this cafe 
the carriage will Hand Hill. This expedient is ufed when it 
is required to have one carriage difengaged, for, in general, 
both are ufed together, in the following manner ; Tuppofe 
both carriages at the ends of their refpedlive rails, the wood 
is laid upon them, and by the ferew 6, wdiich is turned with 
a winch, it is clamped fad on the chain. If the wood is 
winding, or irregular, it is made up at firft by wedges, till 
its upper furface is parallel to the bench, and it is then fixed 
by the ferews I ; the carriages are then engaged wdlh the 
chain, by turning the handle of the ferew 6, which for 
that piirpt)fe comes to the outflde. Next the cock O is 
turned one way or the other, to raife or lower the cutter, 
till the gauge, fliews it to be at the thick nefs the fluff is 
to be planed to. All being thus prepared, the handle of 
the lever, T, is drawn ; this draws the llrap upon .he live 
pulley r, and puts the machine in motion, and liav ng ac- 
quired its full velocity, the lame perfon turns the other cock 
N, and gently opens it ; this puts the carriages m motion, 
and he can, by regulating the 'handle of the cock, give it 
any velocity he wilhes ; he can bring it up very quick, till 
the work comes under the cutters, and then move it very 
flowly, if much wood i.s to be reduced, or quicker when 
but little is to be taken off. In this manner the planing if; per- 
lormed from one end of tlie piece to the other, and the fuc- 
ceffive ilrokes of the cutters and planes follow cacli other fo 
clolely, as to leave an even furface, and with onlyfuch very 
flight fcores acrofs it, that the leafl fliaving of a In ooiliing 
plane afterwards finiflies it, from the roughell and mull ir- 
regular timh(*r wliicli can be found. 

In 1803, Mr. Bevans obtained a patent for a machine 
which we liave feen at work for planing (or J/iclhig, as the 
joiners term it) all kinds of or rebates, and 

ploughing grooves, as wtII as forming flat furfaces of fmall 
nMUth, which it does with V(Ty little labour ; in this ma- 
chine, thtfe operations are performed by the planes com- 
monly ufed for flinilar purpofes, with only fuch alterations 
as arc neeeflary to adapt them to the machinery by which 
they are put in moticni with mechanical pow'erinftead of hu- 
man labour ; they are to be ufed either flngly, or combined 
tog< ther in any numfber, according to the width of the 
boards to worked at once, and the nature of the work 
to be doiie, fo as to plane up at one operation fuch moulding 
as joiners work up by uflng feveral planes fucceffively for 
the different parts; this is effe^led by :i kind of frame or 
box, wlueli admits of fixing any number of planes in it, 
fide by iiJe, and at any dillance afunder, to form the com- 
pound moulding required. The work is fixed fall on a bench, 
and the box of planes is made to pafs over it, in the direc- 
tion of its length, by a coniie^ling rod communicating at 
one end with the box or frame containing the planes, and at 
the other end with niachirury capable of aflording a reci- 
procating motion. 

This machinery confills of a crank, whofe radius mull be 
nearly half the length of the required ftroke, and mult be 
regulated accordingly : this regulation is efle^fcd by the arru 
of the crank palling through a mortife in a Itrong box, fixed 
on an axis, and Aiding in the faid box to any required length, 
where it mull be fixed by Itrong ferews, the axis being 
turned by mjuuinl exertion, by horfes, fteam, water, or any. 
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other power, and having its motion regulated by a fly- 
wheel. 

The planes are loaded, to keep them in contaA with their 
work, by a long beam of wood, fet up on end upon the 
lides of the box, and conneded therewith by being divided 
into two checks, which at the lower fides arc formed to an 
arc of a circle, and united to the box by chains, in the fame 
manner as the beams of fteiim^'ngines are connedted with 
their pifton-rods. The upper part of the beam is made to 
pafs always through one point by Hiding between friftion- 
wheels, or otherwife in a tube hung on two pivots perpen- 
dicularly over the centre of the work, and at fuch heights as 
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may be molt convenient tor the length ot the Itroke re- 
sumed : the connedting-rod from the crank before mentioned 
IS jointed to the upriglit beam, near its lower end, and by 
this means the motion is given to the box of planes, the 
ihains and arches at the bottom allowing it in all puiitions to 
prefcTTc the plane horizontal. To guide the box of planes 
in a reailinear motion, and alfo io bear them off* when they 
have been reduced to the depth required, fences are uled, 
which are irons (liding jierpendicularly in tubes or fockt^ts 
HI the box or frame, :uul ehpjiiiig a longue, or ruler fixed 
in the direftion of the required ilroke, in the frame fnpport- 
ing the bench. 
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Plaster 


PLASTER, or Plaister, in Buildings a compofition 
of lime, fometimes with hair, fometimes with fand, 6tc. to 
pa^ct or cover the nudities of a building. 

There is alfo a plafter of a coarfer fort than the plafter 
of Taris, which is fometimes ufed in this country for floors 
in gentlemen^s houfes, and for corn -granaries : it is made 
of a blueifh ftone, taken out of quarries, which are gene- 
rally at the fide of a hill, much like the ftone of which 
Dutch terras is made : the ftone is burnt like lime, becomes 
white by burning, and when mixed with water, does not 
ferment like lime : when cold, it is beat into a fine powder ; 
and when it is ufed, the quantity of about a buftiel is put 
into a tub, and water applied to it, till it becomes liquid : 
in this Itate it is well ftirred with a Hick, and ufed imme- 
diately ; for in lefs than a quarter of an hour it becomes 
hard and good for nothing, as it will not bear being mixed 
a fecond time like lime. See Gypsum, and Plastering. 

Plaster, in Pharmacy^ an external application of a 
harder coniiftence than our ointments : thefe are to be 
fpread according to the different circumftanccs of the 
wound, place, or patient, either upon linen or leather. 

If the part upon which they arc to be laid be naturally 
hairy, it muft be fhaved ; but that they may ftick the 
better, the natural fhape of the part muft be confulted, and 
the plafter fpread and formed accordingly, either round, 
fquare, triangular, elliptical, in a lunar form, or in fhape 
of the letter T. Some alfo are divided at both ends, and 
others are perforated in the middle : thefe laft are of fre- 
quent life in fractures attended with a wound ; for by this 
contrivance the wound may be clcanfed and dreffed without 
removing the plafter. 

Indeea there is almoft no part of the body which a plafter 
of one of thofe forms may not be made to ferve for, if it 
be notched about the edges with a pair of fcilfars. See 
Emplastrum. 

The ufe of plafters is various ; they are ferviccablc in 
fecuring the drellliigs, they alfo forward tlie maturation of 
the pus, agglutinate and heal w’ounds, unite broken bones, 
heal burns, afluage pain, and ftrengthen weak jiarts. In 
many inftances they contain acrid and ftimulating fubftances, 
and operate as rubefacients, or blifters. 

The calces or oxyds of lead boiled with oils, unite with 
them into a plafter of a proper confiftence, which makes 
the balls of feveral other plafters : but fome of them owe 
their confiftence to wax and refin ; and others contain no 
oily or fatty matter whatever ; in boiling thefe compofitions, 
a quantity of hot water muft be added from time to time, 
to prevent the plafter from burning and growing black ; 
but this fhould be done with care, left it caufe the matter 
to explode. 

Plafters fhould not adhere to the hand when cold ; they 
fhould be eafily fpread when heated ; and after they are 
fpread they fhould remain tenacious and pliant ; but they 
fhould not be fo foft as to run when heated by the fl<in. 
All plafters become too confiftent or brittle when long 
kept ; but in this cafe, thofe wdiich are unftuous may be 
rcmclted by a gentle heat, and fome oil added to them. 
They are ufuaJdy formed into rolls, each of which is 
wrapped in paper, and when ufed, they are melted, and 
fpread on leatner, calico, linen, or filk. Thofe that con- 
tain metallic oxyds ought to be melted by boiling water, 
for in a greater degree of heat the fatty matter is apt to 
reduce the oxyd. 

Plaster, Adhejive. See Emplastrum. 

Plaster, Ammwiiacy is formed by diilolving 50Z. of 
purified ammoniac in half a pint of acetic acid { diftilled 


vinegar), and evaporating the folution in an iron vefTel 
placed in a water bath ; conftantly ftirring it till it acquire 
a proper confiftence. This plafter, which is ftimulant and 
refolvent, is applied to fcrophulous humours, and white 
fwellings, and fometimes over the fcalp, in tinea capitis. 

Plaster, Ammoniac, nvith Mercury* See Emplastrum. 
Plaster, Anodyne* See Emplastrum, and Plaster 
of Opium, infra. 

Plaster, Aromatic, is formed, according to the direc- 
tions of the Dublin pharmacopeia, of frankincenfc, 3 oz. ; 
yellow wax, \ oz. ; cinnamon bark in powder, 6 dr. ; oil 
of pimenta and oil of lemons, of each 2 dr. Melt the 
frankincenfe and the wax together, and ftrain the mixture ; 
when it thickens by cooling, mix with it the powder of 
cinnamon previoufly rubbed with the oils, and form them 
into a plafter. Tins plafter is an elegant ftimulant, and 
applied to the region of the ftomach in dyfpepfia, and in- 
creafed irritability of that vifeus, allays pain and vomiting, 
and expels flatus. As the oils are very volatile, it itiuft be 
fpread by the thumb without being melted. It requires to 
be frequently renewed, and is not very adhefive. 

Plaster, AJfafatida, confifts, by the Edinb. pharm., of 
plafter of femi-vitreous oxyd of lead, and aflafoctida, of 
each two parts, and galbanum and yellow wax, of each one 
part. This plafter is fometimes applied over the umbilical 
region, in flatulence and hyfteria. 

Plaster, Blijiering, Emplajlrum Lytt^ of the Loud, 
pharmac., is made by melting lb. of wax plafter with a 
pound of prepared lard, and after removing them from the 
fire, when the mixture is beginning to be folid, fprinkling 
in ilb. of bliftering flics reduced to a very fine powder, and 
mixing the whole together. The empla/lrum Melocs •vtfua- 
torii, olim, emplafrum vejtcatorium of the Eclinb. pharm., 
confifts of mutton fuet, yellow wax, refin, and bliilering 
flics, of each equal weights. Reduce the infcdls to a fine 
powder, and mix them with the other articles, previoufly 
melted together, and removed from the fire. The empleflrum 
cantharidis of the Dubl. pharmac. is formed by melting 
purified yellow wax and mutton fuet, of each a pound, and 
4 oz. of yellow refin together, and a little before they con- 
crete in becoming folid, fprinkling in i lb. of bliftering 
flies in fine powder, and forming tl»e whole into a plafter. 

{ See Empl ANTRUM. ) Bliftering plafters fhould remain ap- 
plied at leaft for twelve hours to raife a perfe£I bliftcr ; they 
are then to be removed, the veficle is to be cut at the molt 
depending part, and without removing the cuticle, the vefi- 
cated part is to be dreffed with fimple cerate, or fpermaceti 
ointment ; and the old cuticle allowed to remain until a new 
one is formed under it ; when it peels off, and the whole is 
healed in the courfe of a few days. The application of 
thefe plafters is fometimea attended with ftrangury and 
bloody urine, from the abforption of the a6tive principles 
of the infedt, and the irritation of the kidnies and urethra ; 
and this effe^I is much increafed, if the blifter be applied 
over an abraded furface, e*g* on the head after it has been 
immediati ly fliavcd, and alfo if the plafter has remained too 
long applied. To prevent ftrangury, it has been recom- 
mended to mix camphor with the bliftering compofition, 
but this has no good effe£l ; it is better obviated by copious 
dilution with milk, or mucilaginous fluids, and fomenta- 
tions of warm milk and water to the blittered part, after 
the removal of the plafter. When the head is to be bliftcred, 
it fliould be fhaved at leaft ten hours before the plafter is 
applied ; and in all cafes it is expedient to interpoie a piece 
of thin gauze betw'een the veficatory and the fkin, wetted 
with vinegar, and applied fmooth and very clofe over the 
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plafter. Wlien the blillered part becomes a fpreading lore, 
which is fometimee the cafe in irritable habits, the belt local 
application is a warm emollient poultice, and bathing the 
denuded furface frequently with tepid milk and water; 
while at the fame time cinchona bark is internally admi- 
niftered. See Blister. 

Plaster of Spantjh Jlta^ compound^ of Edinb. pharm., is 
prepared of i8 parts ot Venice turpentine ; Burgundy pitch 
and bliftering flies, of each 12 parts; yellow wax, 4 parts; 
fubacetite of copper, 2 parts; white muftard feeds and 
black pepper, of each i part. Melt the Burgundy pitch 
and the wax, and add to them the turpentine ; while thefe 
remain Hill warm, after being melted, fprinkle in tlie other 
ingredients reduced to fine powder, and mix them, Itirring 
conftantly, fo as to form a plaller. This plafter is intended 
to raife a bliller more quickly than the former, and is there- 
fore adapted to cafes of gout and cramps of the ftomach, 
in which the effedl of the blifter muft be almoft inftantly 
produced. Its operation is attended with much pain and 
pungent fenfe of heat ; and it is apt to produce very un- 
pleafant ulceration if flowed to remain too long applied. 

Plaster, Cephalic, See Emplastuum Cephalicum, 

Plaster, Common, See Emplastrum Commune, 

Plaster, Cumin, See Emplastrum e Cymino, This 
plaller is llimulant and difeutient ; and is implied to the 
hypogallric region in flatulence and a cold feeling of the 
bowels, and to indolent tumours. 

Plaster, Dra^wing, See Emplastrum Attrahens, 

Plaster oj Galbanum^ Compound^ of the Loud, pharm., 
is compofed of purified galbanum, 8 ounces ; plaller of 
lead, 3 pounds; common turpentine, 10 drachms; and refin 
of the fpruce fir powdered, 3 ounces. Having melted the 
galbanum and the turpentine together, mix in nrll the refin, 
and then the plaller of lead previoully melted by a flow fire, 
and mix the whole together. The plafter of galbanum of the 
Dub. pharm. is prepared by adding to lb. of galbanum 
melted by heat, libs, of litharge plaller, and 40Z. of yel- 
low wax fliced ; and then melting the whole together by a 
gentle heat. 

Plaster, Gumy of Edinb. ph., is compofed of 8 parts of 
plaller fenu-vitreous oxyd of lead, and ammoniac gum- 
refill, galbanum, yellow wax, of each i part. Sec Em- 
plastrum Gummi, 

Thefe plallers are llimulant and fuppurative. They arc 
applied with advantage to fcrophulous tumours ; to joints 
which have been long affedlcvl with arthritic pains ; and to 
the loins in rickets. As a fuppurative, they are applied to 
indolent tumours, and to reduce the induration which often 
remains round abfeefles, after they arc difeharged. 

PLAfiTER, Mercurial, (See Emplastrum commune cum 
Mercurto, ) The Edinb. pharmac, diredls it to be prepared 
of olive oil and refin, of each i part ; mercury, 3 parts ; 
plafter of ft*mi-vitrcous oxyd or lead, 6 parts ; rub the 
mercury with the oil and the rcfin, previoufly melted toge- 
ther and cooled, until the globules difappear ; then add gra- 
dually the plafter of femi-vitreous oxyd of lead melted, and 
let the whole be carefully mixed together. Thefe plallers 
are powerful difeutients, and are applied to buboes, venereal 
tumours, nodes when they are not very painful to the touch, 
and indurations ; they arc alfo applied to joints aflefted with 
obllinate fyphilitic pains. 

Plaster of Opiumy confifts of hard opium powdered, 

I oz. ; rcfin of the fpruce fir powdered, 3 oz. ; lead plafter, 

I lb. : melt the plafter and the refm together, then add the 
opium, and mix the whole. This Rafter is faid to be 
anodyne, and ufeful in relieving rheumatifm and local pains. 

Plaster of red oxyd of Iron of £din. pharm., formerly 


frengthening plaftery is compofed of plafter of femi-vitreous 
oxyd of lead, 24 parts ; refin, 6 parts ; yellow wax and 
olive oil, ©f each 3 iparts ; and red oxyd of iron, 8 parts ; 
rub the red oxyd of iron with the oil, and add the other 
ingredients melted. 

Plaster of Frankincenfe of Dubl. pharm. is formed of 
litharge plaller, 2 lbs. ; frankincenfe, ^ lb. ; and red oxyd 
of iron, 3 oz. ; to the frankincenfe and plafter melted toge- 
ther add the oxyd, ftirring them together fo as to form a 
plaller. Phefe plallers are fuppofed to be tonic ; and are 
ufed in mufcular relaxations, and weaknefles of the joints 
after fprains ; but they adt c liiefly in afibrding a mechanical 
fupport to the parts. See Emplastrum Roborans, 

Plaster, Compound pitchy is compofed of dried pitch, 
2 lbs. ; frankincenfe, i lb. ; yellow relm and yellow wax, of 
each 40Z. ; and expreffed oil of nutmeg, i oz. To the 
pitch, rcfin, and wax, melted together, add firft the frank- 
iiicenfe, then the oil of nutmeg, and mix the whole. This 
plafter is llimulant and rubefacient. It is ufed in catarrh, 
pid other pulmonary affcdlions, applied to the thorax ; and 
in head-ache, and chronic ophthalmia, applied to the temples. 
When a ferous exudation takes place, the plafter (hould be 
frequently renewed. 

Plaster, Heady is prepared by boiling together over a 
flow fire, of femi -vitreous oxyd of lead, rubbed to a very 
fine powder, 5 lbs. ; olive oil, a gallon ; water, 2 pints, 
ftirring conftantly until the oil and oxyd of lead cohere into 
the confillence of a plaller. It is neceflary, however, to 
add a little boiling water, if the whole of that which was 
employed at firft fliall be confumed before the end of the 
procels. 

Plaster of femi-vitreous oxyd of heady formerly com- 
mon plajlery is prepared of the femi-vitreous oxyd of lead, 

1 part ; and olive oil, 2 parts ; having added lome water, 
boil them, ftirring conftantly, until the oil and the oxyd 
unite into a plafter. See Emplastrum. 

Plaster, Lithargty of Dub. ph., is prepared by mixing 
ylbs. of litharge in fine powder ; 9 lbs. of olive oil, and 

2 pints of boiling water, at a high temperature, conftantly 
ftirring until the oil and the litharge unite fo as to form a 
plafter, fupplyiiig occafionally any wafte of water that may 
take place. Thefe plallers are intended chiefly to defend 
excoriated furfaces from the adtion of the air, and to form 
the bafis of fornc other plallers. 

Plaster, Hflriy is formed of yellow refin, ilh., and 
lead plafter, 3 lbs. ; melt tlie lead plaller by a gentle heat ; 
then add the rcfin in powder and mix. 

Plaster, Rejinousy formerly adhefve plafter y is compofed 
of plafter of femi-vitn ous oxyd of lead, 5 parts, and refin, 

I part. 

Plaster *with Refmy Litharge, is formed by melting 
3^ lbs. of litharge plaller by a moderate heat, and adding 
ilb. of yellow refin finely pulverized, that it may melt 
quickly, and form a plafter. (See Emplastrum Adhfivum,) 
Thefe plallers are defenfive, adhcfive, and gently llimulant ; 
they arc ufed for retaining together the lips of recent 
wounds, when it is propofetl to heal them by the firft inten- 
tion ; to give fupport to ulcerated parts ; and to aflift their 
granulation and cicatri/allon. 

Plaster, Soap, (See Em pj. A strum Saponis,) The 
foap plafter of the Edinb. pharm. is compofed of 4 parts of 
femi-vitreous oxyd of lead ; 2 parts 01 gum plaftcr, and 
1 part of foap fliced. Mix the foap with the plallers 
melted together ; then boil them a little fo as to form plafter. 
Soap plaller is difeutient, and is applied to lymphatic tu- 
mours; but it is much lefs ufeful than the mercurial plafter. 

Plaster, Stomachic, See Emplaaitrum Stomacbicum, 
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Plaster, Warm, is made by melting together, over a 
gentle fire, one ounce of gum p.lafter, and two drachms of 
bliftering plailer ; or one part of plafter of cantharides, and 
feven parts of Burgundy pitch, according to the Dublin 
pharmacopeia. This is ufeful in catarrh, hooping-cough, 
the fciatica, and other fixed pains of the rheumatic kind. 
It ought, howev«'r, to be worn for fomc time, and to be 
renewed, at leaf!, once a week. 

Plaster, Wax, is formed by melting together of yellow 
wax and of prepared fiiet, of each three pounds ; and yel- 
low refin a pound ; and then draining. The Jlmple flajler, 
formerly <wux plafii-r of Edinburgh pharmacopeia, is formed 
of yellow wax, three parts; mutton fuct and refin, of each 
two parts. Thefi‘ were generally ufed inftead of the melilot 
plailer, as a proper application after blillers, and in other 
cafi’S where a gtntle digeftion is neceflary ; but on account 
of the pain and irritation they occaiion, they are now feldom 
employed. 

Plaster of Paris, is a foflile Hone, ferving many pur- 
pofes in building ; and ufed likewife in fculpture, to mould 
and make Ratues, baflb relievos, and other decorations in 
architecture. 

It is dug out of quarries, in feveral parts of the neigh- 
bourhood of Paris ; whence its name. The fineft is that of 
Montmartre. Sec Gypsum. 

Plafter of Paris, among our workmen, is of two kinds, 
crude, or in the ftone, and burnt, or beaten. 

The crude is th(* native plafter, as it comes out of the 
quarry ; in which ftate it is ufed as (hards in the foundations 
of buildings. 

The burnt plafter is a preparation of the former, by cal- 
cining it like lime in a kiln or furnace, and then beating it 
into powder, and diluting and working it. In this ftate it 
is ufed as mortar, or cement, in building. 

This, when well fifted, and reduced into an impalpable 
powder, is ufed alfo to make figures, and other works of 
fculpture ; and is, befides, of fome ufe in taking out fpots 
of greafe, 5c c. in ftuffs and filks. 

The method of reprefenting a face truly in platter of 
Paris is this : the perlon, whole figure is defigned, is laid 
on his back, with any convenient thing to keep off the hair. 
Into each nollril is conveyed a conical piece of ft iff paper, 
open at both ends, to allow of refpiration. Thcfe tubes, 
being anointed with oil, are fupported by tlic band of an 
afliftant ; then the face is lightly oiled over, and tlic eyes 
being kept (luit, alabaftcr frcfli calcined, and t -mpered to a 
thiimifh coiififtcncc with water, is by fpooiituls nimbly 
thrown all over the face, till it lit s near the thicknefr of an 
inch. This matter grows feniihly hot, an<l in about a 
quarter of an hour hardens into a kind of ttony concre tion ; 
which being gently taken off, reprefents, on its concave 
furfacc, the minuteft part of the original face. In this a 
head of good clay may be moulded, and therein the eyes are 
to be opened, and other neceifary amendments made. This 
fecond face being anointed with oil, a fccoj.d mould of cal- 
cined alabaftcr is mad(‘, confiding of two parts joined 
lengtliways along the ridge of the nofe ; and herein may 
be caft, with the fame matter, a face extremely like the 
original. 

If finely powdered alabaftcr, or plafter of Paris, be put 
into a balon over a fire, it will, when liot, affuine the ap- 
pearance of a (laid, by rolling in waves, yielding to the 
touch, fteaming, &c., all which properties it again lofes on 
the departure of the heat ; and being thrown upon paper, 
will not at all wet it, but immediately difeover itfelf to be 
aa motionlefs as before it was fet over the fire ; whereby it 
appears, that a heap of fuch little bodies as are neither 
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fpherical, nor otherwife regularly ihaped, nor fmall enough 
to be below the difeernment of the eye, may, without tu- 
fioii, be made fluid, barely by a fufHciently ftrong and 
various agitation of the particles which compofe it ; and, 
moreover, lofe its fluidity immediately upon the ceffation 
thereof. 

Two or three fpoonfuls of burnt alabafter, mixed up 
thin with water, in a (hort time coagulate, at the bottom 
of a veffel full of water, into a hard lump, notwithftanding 
the water that furrounded it. Artificers obferve, that the 
coagulating property of burnt alabafter will be very much 
impaired or loft, if the powder be kept too long, efpecially 
if in the open air, before it is made ufe of ; and when it 
hath been once tempered with water, and fuffered to grow 
hard, they cannot, by any burning or powdering of it again, 
make it ferviceable for their purpofe as before. Boyle’s 
Works Abr. vol. i. p. 133. 313. 341. 

This matter, wlien wrought into vefi'els, &c. is ftdl of fo 
loofe and fpongy a textur *, that the air has eafy paffage 
through it. Mr. Boyle gives an account, among his ex- 
periments with the air-pump, of Irs preparing a tube of this 
plafter, clofed at one end and open at the otnc »*, and on ap- 
plying the open end to the cemt nt, as is iifually done with 
the receivers, it was found utterly impoffible to exhauft all 
the air out of it; for frefh air fiom without preffed in as 
fatt as the other, or internal air, was exh.aulled, though the 
fides of the tube were of a coiiii durable thick nefs. A tube 
of iron was then put cn the engine ; fo that being filled 
with water, tlic tube of plafter of Paris was covered with 
it; and on ufing the pump, it was immediately fecn, that 
the w'ater palled through into it as eafily as the air had done, 
when that was the ambient fluid. After this, trying it 
with. Venice turpentine inftead of water, the tiling fucce^'ded 
very well ; and the tube might be perfedlly exliaufted, and 
would remain in that date feveral hours. After this, on 
pouring fome hot oil upon the turpentine, the cafe wms 
much altered ; for the turpentine melting wnth this, that 
became a thinner fluid, and in this ftate capable of pafling 
like water into the porc.s of tlic plafier. On taking awa) 
the tube after this, it was remarkable that the turpenliiu', 
w'hich had pervaded and filled its pores, reiuU red it tranf- 
parent, in the manner that waiter gives tranfpareiicy to that 
lingular (lone called oculus mundi. In this manner, the 
weight of air, und«*r proper management, w'ill be capable 
of making feveral forts of glues penetrate plafter of Paris ; 
and not only this but baki d earth, w'ood, and all other 
bodies porous enough to admit water on this occafion. 
Phil. Tranf. 122. 

Plafter of Paris, diluted wdth w^ater into the confiftence 
of a (oft or lliin pafte, quickly fets or grow's firm, and at 
the inftant of its fetting, has its bulk increafed ; for Mr. 
Boyle has found, that a glafs vefld, filled with tlu; fluid 
mixture, and clofely ftojiped, burils while the mixture 
fels, and fomctimes a quaulity of water iffucs through the 
cracks. 

This expanfion of the pbfter, in patting from a fiift to a 
firm ftate, is one of its valuable properties ; rendering it an 
excellent matter for filling cavities in fundry works, where 
other earthy mixtures would flirink and leave vacuities, or 
entirely feparate from the adjoining parts. 

It is probable alfo, that this expanfion of the plafter 
might be made to contribute not a little to the elegance of 
the impreflions which it receives from nu dais, SkC, l.'y pro- 
perly confining the foft matter, tl»at its expanfion may forci 
It into the iniuutcft traces of the figure ; the expanfion of 
the matter doing the fame ollice as the preffure by which 
the w'ax is forced into the cavities of a fcal. 
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Flatter of Paris promotes the fufion of forged iron# 

This fubftance is commonly ufed for taking calls and im- 
preffions from figures, bulls, medals, &c. as it is adapted 
to the double ufe of miking both calls and moulds for 
forming them. See Impnjmt of Medals. • 

Plastek of Paris, in Agriculture, a fubllance of the cal- 
careous kind, in combination with the vitriolic acid, which 
has been fometimes made ufe of as a manure. Sec Gypsum 
and Sulphate of Lime. 

Plaster, in Gunnery, a piece of greafed leather or rag, 
ufed by riflemen, fi^c. to make the ball fit the bore of the 
piece. 

Plaster Floors, in Rural Economy, fuch floors as arc 
conllituted of plaller, prepared from I'uch lime as polTcllcs 
a llrong binding property, '^ley are highly ufeful in cot- 
tages and farm-lioufes, as atFording much fecurity againll 
firl In conllruaing them, it is obferved, in the firll vo- 
lume of Communications to the Board, that the joilts are 
laid in the ufnal manner ; after which a fort of llrong reed, 
which is found in Huntingdonlhire, is railed on, upon which 
the platter is applied ; but in order to fave it, there is fre- 
fluently a thin coat of common lime laid on firll, to fill up 
the crevices and inecjualities. On tliis the platter is then 
fpread out, to the thicknefs of about two inches, being laid 
on with as much expedition as poflible. The plaller is fold 
at the kilns in the midland dittrifts, at 6 d. the bulhel : and 
the expence of laying it on, if burnt and prepared, is 5</. 
the fquare yard ; but if to be burnt and prepan-d by the 
workmen, about as much more. The floors are faid to be 
excellent and cheap. Where reeds cannot be procured, 
laths may be made ule of, but they cone much higher. 
Floors of this fort are much in ufe in Notlinghamlhire, as 
well as in Ruthuullhire, at the e.vl of Wmchelfea’s, where 
the upper floors of his larm-houfes are made of it. 

Thefe kinds of floors Ihould be more attended to, in con- 
ttruaing fmall houfes both of the cottage and other kinds, 
as being cheap, readily laid, and at the fame time fecure. 

PLASTERING,' in Architeaure, is that operation 
which confifts in laying on coats of mortar, varioufly pre- 
pared, on the ceilings and walls, &c. of different buildings. 
This belongs to a clafs of artificers called plafterers. bee 

Plaster. . , 

Plafterers’ work is »f two kinds : namely, ceiling, wine i 
is plaftering upon laths ; and rendering, which is plaftering 
upon walls. Thefe are meafuied feparately. The contents 
are ellimated either by the foot, or yard, or fquare of lOO 
feet. Inriched mouldings, &c. are rated by running or 


161 

lineal meafure. Deduftions are to be made lor chimmes, 
doors, windows, &c. But the windows are feldom de- 
duAed, as the plallered returns at tlie top and fides are 
allowed to conipcnfate for the window opening, 

It were much to he wiihed that this art of plaftering 
could be again brought to its ancient perfeAion. In our 
bi'ft buildings the plaftered walls and cielings crack and fly, 
and in a little time grow damp, or moulder to decay. 

The K iinans had an art of rendering their works of this 
kind much more firm and durable, and there is no rcafon to 
dcfpair of reviving this art by proper trials. 

The ancient plaftering of thefe people preferved to this 
time, where it has not met u ith violent blows or injuries 
ffom accidents, is ftill found as firm and folid, as free from 
cracks or crevices, and as Iniooth and polilhed on the fur- 
face, as if made of marble. The bottoms and fides of the 
Roman aquediifts were made of this plaftering, and endured 
many ages witliout hurt, unlefs by accidents : witnefs that 
whereof fome yards arc Hill to be found on the top of the 
Pont de Card, near Nifmes, for the fupport of which that 
famous bridge was built to carry water to the faid town. 
The roofs of houfes, and the floors of rooms, at Venice are 
covered with a fort of plaller, made of later date, and yet 
llrong enough to endure the fim and weather for fevcral 
ages, without cracking or fpoiling, and without much in- 
jury from people’s feet. 

The fecret Of preparing this Venetian plaller is not among 
us ; but it would be worth while to try whether fuch a fuh- 
ftance might not be made by boiling the powder of gypfum 
dry over the fire, for it will boil in the manner of water; 
and when this boiling or rcc-ilciiiing was over, the mixing 
with it refill, or pitch, or both together, with common ful- 
phur, and the powder of fea-lliells. If thefe were all mixed 
together, and the water added to it hot, and the matter all 
kept hot upon the fire till the inllant of its' being ufed, fo 
that it might be laid on hot, it is poflible tliis fecret might 
be hit upon, 

Wax and oil of turpentine may be alfo tried as additions ; 
thefe being the common ingredients in fucb cements as we 
h.w accounts of as the lirmell. Strong ale-wort is by fome 
diredled to be ufed, iiillead of water, to make mortar of 
limelloiie of a more than ordinary ftrengili. It is poflible, 
that the ufe of this tenacious liquor to the powdered in- 
gredients of this propofed plaller, might greatly add to 
their folidity and lirmiiefs. Phil. Traiif. N° 93. Sec 
Stucco. 
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PLATED Manufactukk, in the ylrU, From the valu- 
able properties pf>fte{red by filvcr as a metal, it is much to be 
regretted that it is not fufficiently plentiful, fo as to be ufed for 
the fabrication of fuch articles as are liable to corrofion ; 
more tfpecially fuch utenfila as are employed for culinary 
purpofes. This defirable object has given rile to the dclidcra- 
tum of covering fomc of the cheaper metals with filver, and 
this art has always been known by the name of plating. 

The art of plating with filver appears to have been firft 
applied to articles made of brafs, after they were in other 
relpeds finiflied. It is known by the name of French plating, 
and was formerly much ufed for brafs candlefticks. After 
the goods were poliflied, and pcrfe6lly free from greafe, 
and indeed any other extraneous matter, the part to 
be plated was heated to a temperature fomething fhort 
of changing the colour of the metiil. Leaf filver was 
now laid upon the part, and, while hot, was rubbed on 
with a hardened Heel burnilher, perfeftly dry and clean. 
By this means the filver adhered firmly to the brafs, which, 
from the a^ion of the burnifher, alTumed a fine polifli. 
Thcfe had much the appearance in colour and luftre of thofe 
of the prefent day. They poffeffed but little permanence, 
owing to the thinnefs of the covering. This art is fcarcely 
now praftifed, from the introdudlion of the fuperior plan of 
plating upon ingots of copper, and forming the utenlils out 
of the fticets and wire made from the ingots. This latter is 
at prefent carried on to an immenfe extent in Sheffield, and 
alfo at Birmingham, but on a lelfer fcale. 

The inventor of this method of making plated articles 
was not aware of its great importance. He began by making 
it into fnuff-boxes, and other trifling articles. It after- 
wards was extended to the manufa^lory of pints and tan- 
kards, and other articles, by a Mr. Hancock, who cn 
a mill near Sheffield for rolling the ingots. This mill is at 
prefent employed for this purpofc by the fon of the above 
gentleman. 

The plated manufadlure is divided into three departments, 
in each of wliich a dillin£l fet of workmen is employed. 

Thofe workmen employed in making vefl’els, fuch as arc re- 
i][iiired to be raifed by the hammer, are called braziers, pro* 
bably from braziers being firft employed in it. 

The next are called candleftick makers, being exclufivcly 
employed in making all the varieties of thefe articles. 

The next and laft are called pierce-workers j thcfe were 
originally employed in making articles with ornamental open 
work, fuch as bread-bafkets, and trays of different kinds. 

This open work was formed by piercing the fubftance 
with punches of different fhapes, by means of a ferew-prefs 
called a fly. 

This fpecies of work is now become obfokte, fincc the 
invention of plated wire. The articles in which picrce- 
work had been made, are now formed by the varied mter- 
fedlions of wires, which give great lightnefi and elegance, 
with lefs wafte and more expedition. The workmen em- 
ployed in this department are ttill called pierce-workers. 


Previoully to dtlcribing particularly the ditterent branches 
of this art, w'c (hall give the method of preparing the plated 
/beets and wire of which all the different articles are 
made. 

The ingots on which the filver is laid are not pure copper, 
but an alloy, confifting of copper and brafs ; this gives it a 
degree of ftiffnefs greater than that of copper, which ren- 
ders it lefs liable to be deformed when in ufe. 

Fig» 12. in PL Plated ManufaBurty reprefents a fedion of 
the furnace ufed for melting the alloy for the purpofc of caft- 
ing. The crucibles are thole made at Chclfea with V>lack-lcad. 
The ingot -moulds are of call-iron, confifting of two pieces, 
faftened together by two rings, witli wedges, the interior being 
of the lhape of a parallelepipedon, about three inches broad, 
1 ^ in thicknefs, and about eighteen or twenty long. The 
mouth-picce, into wdiich the metal is poured, makes an 
angle with the length of the cavity ; fo that when the 
mould is placed on the ground, witli the narrow fide up- 
permoft, and makes an angle with the Ifbrizon of about 
ten degrees, the mouth-piece points dire£lly upwards. The 
inclination of the mould and the IcngthJ of the mouth- 
piece are to give a certain head of liquid metal, which de- 
termines the impurities of lefs fpecific gravity than the me- 
tal to rife into the cavity of the mouth-picce, in order to 
infure the foundnefs of the ingot. If this were not attended 
to, the Ihcets rolled from fuch ingots would abound with 
feams and loofe places. It is eafy to fee that a fmall hole in 
the ingot would be the foiirce of a feam by extenlion, and a 
larger cavity w'ould have the effect of making hollow places 
in the fubftance of the Ihcet, which frequently peel off with 
the filver after plating. 

The proper heat of the metals, and the temperature ol 
the mould when the metal is poured, are of great importance, 
as far as regards the foundnefs of the ingot. When the me- 
tal is too cold, and Its liquidity of courle imperfe^l, the im- 
purities cannot freely afeend, which caufes imperfedtion in 
its fubftance. The fame effc6l may take place from the 
moulds being cold : this, with the great conducing power of 
the metal mould, rapidly robs the metal of its caloric, and 
leffens its liquidity. The proper heat for the moulds is 
fomething fhort of burning the fat with which they 
greafed on the interior furtace. The prefence of fat which 
contains hydrogen has a happy effe£l m preventing the fur- 
face being rough. Its prefcnce is therefore eflential, and 
hence the moulds ihould never be fo hot as to deftroy it. On 
the othtr hand, the mf'tal fhould not be too hot, as in this cafe 
it rt mains longer in tiic liquid Hate than is proper : this has 
the effcdl of allowing the metal to a/fume a more complete 
cryftalline arrangement than under ordinary circumftances. 
When an ingot under fuch circumftances is broken, the 
cryftals are very diftindl. The flieet rolled from an ingot fo 
caff, will be found to exhibit on its furface very thin loofe 
pieces, which peel off. This is frequently a fource of great 
mifehief to the manufafturer. ’ Aftev the pieces arc plated 



PLATED MANUFACTURE 

and rolled, this laft inconvenience is frequently fo great, as 
to render the whole (heet ufelefs, except to work over again. 

It will be remembered, from what we obferved refpeding 
the temperature of the ingot moulds, that the proper heat for 
the metal can only be acquired by pradticc. Men of fome ta- 
lent and obfervation Ihould have the management of calling 
and plating. It is notorious, however, throughout tin* 
trade, that the men employed in thiseffential department are 
generally taken from the dais of common labourers. 

The belt tell for the proper degree of heat of the metal 
18 its colour, and the appearance of liquidity. When it 
fil-ll fufes it appears lliff, and of tin? colour of the red 
cokes of the furnace ; with a greater heat it becomes more 
liquid, and alTumes a blueilh colour. This latter ia the 
proper Hate for pouring it into the mould. If the heat 
be greater, the zinc of the brafs, and perhaps the copper 
itfelf, begins tO burn. This arifes from the inetaVs afluining 
the form of vapour, which combines with the oxygen of 
the atmofphere. When the metal has become folid in the 
mould, the wedges which keep the two halves of the mould 
together arc flackened, to prevent the ingot from breaktng, 
by its contradlion, during cooling. When it is taken 
from the mould its furfacc ought to be fmooth and metallic. 
Its frafture fliould exhibit a rough uniform crylfallization, 
in which the crytlals prefent fmall furfacos. Ifthecryllals 
appear diftindt, with large faces, the metal will be fhelly 
when rolled. 

For the ordinary kind of work tlicfe ingots are generally 
cut in two in tlic middle, being more convenient for plating 
than longer pieces. 

The next procefs is to drefs the face of the ingot for 
the purpofe of receiving the filvcr, on one or both ncies, as 
it may be intended to be finglc or double plated. This 
is effedied by filing, which is continued till the furface be- 
comes entirely free from the lealt blerniili. This is fo im- 
portant, that the naked eye fhould not be depended upon. 
A very fmall hole in the ingot would become a furface on 
rolling, and the filvcr would come off in that part. The 
furface of the copper fhouJd, therefore, be minutely exa- 
mined by a magnifier before the filver is laid 6n. The 
thicknefs of the lilver to be laid on the copper will be 
bell known, when it is underftood, that the filver, in 
fingle plated metal, or that plated on one fide only, il from 
8 to 10 pennyweights to the pound troy of copper} and, 
of courfe, double that quani:iiy when plated on both fides. 
If the ingot of copper be 14 thick, the filver plate to 
be laid upon it, at eight pennyweights to the pound, will 
be ot an inch, and a fquare inch of it will weigh 
about 90 grains. When the plate of filvcr is cut to a little 
lefs than the fize of the copper furface, made flat, and Icraped 
perfeAly clean, the copper furface being equally clean, they 
are laid together, and the filver plate is tied down with 
wire. A Tittle of a faturated folution of borax is now 
infinuated under the edge of the filvcr plate on every fide : 
this fufes at a low red heat, and prevents the oxygen of the 
atmofphere from aftedling the furface of the copper, which 
would prevent the adherence of the filver. In this Hate 
the ingot is brought to the plating furnace. 

In Jig, 12. B is an iron door, with a fmall hole to look 
through. This furnace has a grate on a level with the 
bottom of the door. The fuel confills of cokes. The 
ingot is laid upon the bare cokes, and the door ftiut. 
When it has acquired nearly a proper degree of heat, the 
plater applies to the hole in the door to obferve the proper 
point, when the procefs is finiflied. When the filver and 
copper are uniting, the furfacc of the former begins to be 


nyetted, and this is the lign to remove the ingot from 
the fire as quick as pofliblc. If it were allowed to liop 
longer, the filver would become alloyed with the copper, 
and completely fpoiled. 

In this procefs, the filver is, in fa6l, foldered to the cop- 
per, although no folder is exprefsly employed. It is well 
known to chernifts, that an alloy of lilver and copper, as 
well as many other alloys, is more fulible than either of 
tiu* firnple metals. From what takes place in the abiAx 
proceis, it will be eafily inferred, that a portion of filvei 
and copper unite at contiguous fiirfaces, which fufing be- 
fore the filvcr or the copper, unite tlie filver with the 
copper. The ingot, being now plated, is made perfectly 
clean, and is ready to be rolled. '^I'lie lirfl rollers em- 
ployed for plated metal are of call-iron, fimilar in fizc 
and conll ruction to thofe employed for Iheet iron and 
Iheet copper. (See Roi.mng Mili..) Tlie metal is rolled 
cold, and annealed from time to time. When it has gone 
through the rollers a certain number of times, it acquire*^ 
a certain degree of hardnefs, lo that the rollers have not 
mucli effcA upon it ; and if the rolling were continued, 
tile metal would crack. To remedy this evil, the metal 
is taken to u reverberatory furnace. It is laid upon a hearth 
of brick or fire-ftoiie, and tlie flami* of coal made to pafi: 
over it. q^he heat, liowevcr, is not iiitenfe, finct* the metal 
is required to be flowly liealed to a dull red. It may now 
be cooled in the qiiickell way pofliblc to fave time, as 
quenching in water does not alFedi it, as is the cafe with 
lleel. It now pafies through the rollers, as before, till it 
becomes hard, and then annealed and rolled again, till it 
is reduced fomething Ihort of the fi/e required. Tim 
being done, it is again annealed and palled through a pair 
of rollers faced with call Heel, and finely polilhed. Tliis 
gives the furfiice great fmoollinefs and truth. It is now 
annealed for the hill time : after this, the Iheets are im- 
merfed in hot dilute fulphuric acid, then feowered with fine 
Calais fand, which fits them for the workmen to lhape 
into different articles. 

Having deferibed the method of preparing the (heel 
plated metal, wc fliall next give an account or the method 
employed for manufadturing plated wire. This is generally 
a di Hindi bufinefs, being imconnedled with tlie bufinefs of 
making the plated goods. 

The pieces of metal to be plated for the purpofe of 
making wire, are forged out of bar copper unalloyed. 
Thefe pieces are of a cylindrical lhape, and about 18 or 
20 inches long, and about 1 1 inch in diameter. The true 
cylindrical fliape is given to the copper by wire-drawing ; 
it is then made periedlly clean and metallic by feraping. 
The filver to be laid upon it is much thinner in proportion 
to the copper than was Hated in the Iheet metal. The 
filver is firll formed into a tube, one edge projedling a little 
over the other. A copper cylinder, a little lefs in diameter 
than the tube, and fo much longer as to admit one end of 
it being faHencd into a hole, is now heated red-hot, and 
faHened by one end in the hole. The tube is now fliimed 
upon it, with the feam upwards, A flat Heel burnimer» 
with rounded polilhed edges, and a handle at each end, is 
now rubbed brilkly backward and forward upon the over- 
lapped edges of filver, at the fame time ufing confiderable 
preffure. By this means the two furfaces are completely 
welded together, fo that it would be difficult to find where 
the union had taken place. 

The cylinder of copper intended to be plated, is now 
made perfedtly clean, the infide of the filver tube bdng the 
fame. It is now put upon the cylinder, which is amout 
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iwo inches longer than the tube ; a fmall groove is made 
round the cylinder coinciding with the ends of the filver 
tube. Into this groove the ends of the tube are clofely 
worked, fo as to render the fpace between the tube and the 
cylinder perfc^ftly air-tight. The neceflity of this will be 
ODvious, fince the whole is required to be heated red-hot, 
which would caufc the oxydation of the copper, and pre- 
vent the filver from adhering to it. When the cylinder and 
tube arc together heated fligntly red-hot, the fame burnifluT 
that was iifcd to unite the tube is now rubbed brifkly over 
the tube in a longitudinal direction. This unites the lilvcr 
firmly to the copper, and makes it fit for drawing into 
wire of various forms and lizes. The machinery employed 
for drawing this wire is precifely fimilar to that employed 
for brafs and copper wire. The great variety of figure and 
form given to it depends upon the plate through which it 
is drawn. Some are flat, others half round, lome fluted, 
or with mouldings. It is chiefly ufed for making bread- 
baflccts, toaft-racks, fnufiers, and many other articles, af- 
fording much ncatnefs and elegance, with little manual la- 
bour, The wire after drawing, like fheets after rolling, is 
annealed, and afterwards cleaned with hot dilute fulphuric 
acid. 

We (hall firft deferibe the mamifadture of flieet metal 
into various articles. It may be eafily conceived, that the 
nature of this metal is fo fimilar to copper, that the work- 
ing of it with the hammer into various forms will be very 
fimilar to that ufod by copperfmiths, with the difference of 
more exa£I and complete tools, and greater care on ac- 
count of the value of the metal. Formerly all the diftcrent 
ftiaped velfels were made with the hammer, which made the 
price of labour very great. Now, all veflels of fimple form, 
and not of large lize, arc formed in dies by means of the 
Ramping hammer. This operation is now fo general, that 
fome manufadfurers employ as many as fix or eight of 
thefe engines. 

Figs. 1 and 2 are two views of the Ramp. A is a large 
Rone, the larger the better ; the anvil on wliich the die, r, 
is fecured by four ferews. See ground plan. 

In Jig. I. dr, are two upright fquare pillars, with 
the angles oppofed to each other, which work in angular 
recelTes in the hammer d. This admits the hammer to Ride 
freely and truly from top to bottom, by pulling at the 
rope /*, * ch paffes over the pulley c. This hammer is 

let fall from different heights, according to the effect to be 
produced. 

All veffels may be railed by the Ramp, with the excep- 
tion of fuch as are immoderately large, or thofe of inordi- 
nate depth, compared with the diameter. Veffels which 
are of lefs diameter at the top and bottom than in the 
middle, mail either be Ramped on two pieces, or raifed 
with the hammer by hand. 

The dies are, or ought to be, made of caR Reel, but it 
fhould be as hard as to weld to iron, fo that the iron 
Riould not be much below the furface of the die. This 
precaution is neceffary only when the die requires to be 
hardened. . In other refpedis the whole may be caR Reel. 
Thofe unhardened fliould be of harder caR Reel. No other 
Reel can anfwer, as it would be liable to abound with flaws, 
and would not be uniformly hard. 

When the die is placed upon the anvil, and the metal cut 
into pieces of proper fize, the next thing is to furround 
the top of the die with a paRe made with oil and clay, an 
inch or two above the furface. * This cavity is now filled 
with melted lead* The under fide of the Ramping hammer 
has a Rat face of iron fitted into k, about the breadth and 
length of the die ; this is called the Itcktruf* When the 
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lead becomes folid, the hammer is raifed to a certain height 
and let fall upon it. The underfide of the Ikkerupy from 
being cut on the furface into teeth in (hape like thofe 
of a rafp, firmly adheres to the lead, which afterwards rifes 
with the hammer. The metal is now placed over the die, 
and the hammer with its lead made to fall upon it, till the 
impreflion on the metal is complete. If the veffel to be 
Ramped be of any confiderable depth, two or three dies 
are often ufed, one bigger than another, the laR being of 
the proper fize and fliape. It fometimes happens, that vdien 
the vcffel has a long conical neck, they are obliged to have 
recourfe to an auxiliary operation called drafting. Thefe 
in the plate are called embofllng punches. 

In Jig. II. the punches are made of caR Reel, and the 
cavities turned out in a lathe. The pieces a, by are of lead. 
This operation is performed by a feries of thefe punches 
of different fizes, beginning with the largeR firR, and gra- 
dually going on to the fmalleR. By this means a hoffow 
cone may be raifed out of a flat plate, three or four inches 
in length, and not more than an inch in diameter at the 
wideR part. Thefe punches are alfo employed for Imall 
articles of too great delicacy for the Ramp. 

It frequently happens, that one part of an article is made 
by the Ramp, and the reR by the hammer. Sometimes they 
are rudely formed by the hammer and finiftied by the die. 

Cylindrical and conical velfels are moRly formed by bend- 
ing and foldcring. The bending is performed on blocks of 
wood with wooden liammers, to avoid injuring the plated 
furface. We (hall here recommend a method of turning 
rings, or any thing in a cylindrical or conical fhape. It is 
already ufed to great advantage by tin-plate vi orkers. This 
is done by a machine confilHng of three rollers, a fe^tion of 
which is Ihewn in Jigs. 5 and 6. A, B, C, are the three 
rollers, and abed the piece of metal paffed through them 
to receive the cylindrical or conical fliapc. 

The upper roller, A , can be raifed or lowered at pleafure, 
which has the effedf of determining the diameter of the cylin- 
der. When one end of the upper roller is higlier than the 
other, it gives the conical lhape. I n order to Mulder the cylinder 
or cone, the two edges are made very true, and arc kept in 
contact by binding with fmall iron wire. The part where 
the folder is intended to be run mult be made perfcdly clean 
by feraping. The folder employed is that called filver 
folder. It is an alloy of brafs and filver, or rather an alloy 
of filver, zinc, and copper. The alloy of copper and 
filver is more fufible than either of thefe metals, and may 
be employed as a folder for filver, copper, or plated metal, 
when the plated metal has no zinc in its compofition. It 
is, however, neceffary to employ an alloy of brafb and filver 
as a folder for plated metal. The brafs fliould be the leaft 
poffiblc, bcin^ no more than what is neceffary to give the 
requifite fufibility to the folder, fince too much brals would 
not only injure tlie colour, but its malh ability is impaired, 
and the feam would break when it came to be bainmered. 

The folder is firR call into an ingot, and then rolled thin 
enough to cut with (hears into fmall flireds. Befides the 
folder they alfo employ borax, and a fubRaiice which floats 
on the top of melted glafs, and is taken off as refufe. It is 
called /amliver, and probably confiRs of fulpliat of potafh 
and flint. The borax is firR calcined, which confiRs in 
driving off the water of cryRallization. The white powder 
is then mixed with a little water, a fmall quantity of the 
pownlered fandiver being at the fame time added. After the 
feam to be foldercd has been fmeared with this pulpy 
and the bits of folder laid on, the whole is expofed to tlie heat 
of a lamp wdth a blow^pipe ; or if the fubRance be large, 
to a charcoal fire, urged with bellows* The borax firR 
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fttfes, and defends the parts to be united from the action of 
the air. The heat is then incrcafcd rapidly till the folder 
melts. The ufe of the fandiver is to prevent the iron wire 
from being foldered to the other metal. It appears that the 
fait in this fubilance is decompofed by the iron, by which the 
furface of the lathe becomes oxydated, and prevented from 
uniting with the lilver or the copper. The fandiver has no 
aftioD upon the other metals, and therefore does not prevent 
their union. When the united part is made clean, and ham- 
mered with poliihed toolSy the feam cannot be feen on the 
filvered fide. If a yellow line appear, the folder contains 
too much brafs. 

VclTels intended to have other forms are generally foldered 
up in a conical or a cylindrical form, according as the width 
at the top and bottom of the velTel varies. The metal is fo 
malleable, even in the foldered part, tliat a (kilful workman 
can give almoft any form to a veffel with the hammt r. 

Mouldings are fometimes formed upon the edges of vef- 
fels, which ferve to give much ftrength and ftiffnefs, as well as 
being ornamental. This operation is performed by an inllru- 
ment called a fwage, fee^^i. 3 and 4. The part A lifts 
up by a joint, and tnc metal to be fwaged is placed between 
the dies, as (hewn in the iigurcs: the part b is held in a vice, 
while the other reds upon it. By llriking on the pari A, at 
the fame time (hifting the metal forward, the bead is formed. 
In Jig, 3, the part j is a guide to regulate the di dance of 
the bead from the edge. TJie fame effedd is produced in a 
neater and more expeditious manner by the rollers, Jgs, 
8,9. Fig, 10. is a fe£lion, (liewing the form of the bead. 
The two wheels a, (Jg- 8.) are placed upon an axis, which 
have pinions for the purpofe,the lower one giving motion to 
the upper one. The groove in the upper wheel correfponds 
with the bead in the lower one, and the metal paded be- 
tween afl’umes the fame figure. This machine, a little varied, 
may be ufed as (hears to cut the metal into pieces of uniform 
breadth. A part of the upper wheel //, for this purpofe 
mud be a little larger, and the edges fquaro and (harp. The 
lower wheel being put on fird, the other mud bo put on to 
the other axis, till the face of the enlarged part comes up to 
that of the other wheel, and in this fituation fecured hy 
nuts. It will be evident, that if a piece of metal be now 
placed between them, that the metal will bo cut by the pro- 
jedling part of the upper wheel, in a fimilar manner to 
that employed for flitting iron. 

The beading and moulding, however, is not at prefeiit 
much ufed. When prominent ])arts like thefe are merely 
plated metal, they, from being more expoft d, foon become 
bare, and the copper furface is prefented. 

The greated improvement ever made in tins branch of 
manufaSure, is the introduction of filver edges, beads, and 
mouldings. Without this means of defending tlie promi- 
nent parts which become fo foon bare in the old method, 
the trade mud long fince have gone into difgracc, and ulti- 
mately to decay. The fdver intended to form the promi- 
nent and ornamental parts is rolled extremely tliin, a fuper- 
ficial inch fometimes not weighing more than 10 or 12 
grains. 

This is too delicate to have the ornamental form given to 
it by the fwage above deferibed. The two oppofite dies being 
deel, if not very accurately made, would tear filver (o deli- 
cate as that ufed for ornaments. It is ncceflary, tlicrefore, 
that the funk part of the die Ihould be deel, and the oppo- 
fite fide lead, as was obferved in the damping, and this is 
the method generally employed to form thefe filver or- 
aaments. It feems wonderful, that manufacturers have 
not thought of doing this by fmall rollers. It would 
only require to have the part in which the die is funk 
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a wire ring of cad deel, the concave part being a little 
conical, and made to cxa^ly correfpond with a convex com 
on one of a pair of rollers, fo that by a little force it may 
be as firm as a folid roller. A ring of lead, or even a (Iraight 
piece, might aCl oppofite to the die. A much greater 
variety of dies might be made in this way, than by makimr 
dies flat. The dies would cod lefs, and be better cxec ulccn 
The filver would alfo run lefs rifle of tearing, than by the 
damp or the fwage. 

When thclc filver mouldings are formed, and the refufe me- 
tal poured oil, they are laid upon a level plate, with the hol- 
low fide upwards. Small bits of refm are put into the hollow 
parts, and foft folder melted in witli a foldering nun, ihr 
point oi the fame being applied into the groove to keep it 
in a date of fulion. This is continued till the cavity is quite 
full. To prevent the folder from accidentally adhering to 
the convex part, it is j)re\iuufly covereil with a paint -like 
compound of li/.e and whitening. Tlu* fame expediei.t is 
relorted to in all caies where foft folder is employed, or 
when it is applied to great heat. The foft folder is formed 
of equal parts of lead and tin. The former metal has fw 
great an alliiiity for lead, .i:; to require the greatefl care to 
keep ih«‘i^ iiuMals ieparate when one of them is in a ilatc of 
hilion. 

The filver Ihells, thus filled with foft folder, will now ad- 
mit of being bent into alinoll any form. After they are 
fitted accurately to the place they are to occupy, the part 
being fir ft made clean and partially tinned, they* only re- 
quire to be fccured by temporary faileiiings, till the parts 
can be expofed to a d(‘gree of heat capable of melting the 
folder. This unites llie ornament, without leaving any ap- 
pearance of folder 011 the outfidc. 

In forming fuhfl.mees wliich have a inaflive appearance, 
fuch ns the feet of tea urns, tlie handles of vefl’els, and plated 
table fpoons, no other ineliil is employed but the (beet, q'he 
mafs is formed of two Ihells, which, when put together, 
form an appannit folid. Each of the concave parts is fird 
filled with foft folder, the) arc- then latv‘d accurately^ toge- 
ther, and heat applied till the mafs fufes, fo that the ap- 
parently maflive article ccmlilfs of a (hell of plated metal 
filled with loft folder. Bulky ornaments, in the form of 
(lulls and flow'cTb, arc' frequently put on in this way j fome 
in filver. 'I’hefe have a fimilar mallivu appearance to, and 
drongly imitate, real plate. 

All goods formed by lumd with the liammcr, require 
gieat labour in linilliing. After hammering the veliel into 
the proper flupe, the marks of the hammer appear like fo 
manv flat places. Thefe are removed from the outfidc of 
the veflel to the iiifidc, when the infide is concealed, as in tea 
urns. rhis is cffetfled by covering either the anvil or the 
hammer with a j>iece of the Hull called cvcrlafting. The 
rouglmefs is transferred to that furface in contad witlx 
the everlalling. In hammering plated metal from time to 
time, it requires 10 be annealed by heating it red-hot : this 
difcolours both the filver and the copper, Tlicfe arc 
cleaned by boiling in dilute fulphunc acid, and feowering 
with Calais faud. The fulphuric acid to the water is in 
very fmall proportion. If the filver begins to appear 
black by boiling, the acid is too much, and mud be 
watered. When the vefl'els are finiflicd in every refped 
by the maker, and the furface free from oxyd, it fre- 
quciitly happens that bits of rofin, ufed with foft folder, 
adhere to it. This is removed by boiling in a \vcak folution 
of pearl aflies. The fiune is alfo ufed tor cleaning the fur- 
face of tinned copper. 

The vefl'els are now ready for burnifliing, a procefs which 
wt (hall foon defcribc. 
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Our inftruftionfi hitherto have particularly applied to 
braziers* work ; we lhall next deferibe the candleftick- 
making. 

In this branch of the bufinefs there is great variety. In 
the commencement of this trade the objeft was chiefly to 
imitate thoft? made of filver, and it began witli the pre- 
vailing tafte of imitating the different orders of architec- 
ture. The numerous points and prominences thus introduced, 
were ill fitted for plated metal, as in a very little time their 
filver difappeared, which gave them the molt fhabby appear- 
ance poflible. This obliged the manufiiftuvers to make them 
more plain and fiinple, and it was not till the difeovery of 
the filver edges, that candlcfticks of plated metal began to 
gain refpeft m the world of luxury and fafliion. The Items of 
candlelticks have»becn made fquare j fome with (harp, others 
with rounded corners ; others oval, but the greateft number 
wnth round Hems, which appear to be the molt confiltent and 
the molt permanent. Of thefe, the patent tclefcopc candle- 
Itick has had the greateft run. This confifts in the cylindri- 
cal part lengthening and (hortening at plcafure, by one tube 
Hiding into the other. In this cafe the tubes are drawn by 
maclimery, fimilar to that ufed for drawing the tubes of tele- 
fcopcs. The feet of candlelticks, or the bafe, are generally 
made in a die by tlio ftamp. The neck, which is fometimes 
fmall in one part, is alfo ftamped. The difli part of the 
nozzle or focket is made in a die, and the tube part in the 
fame way as the cylindrical pillar. Thefe, for the fake of 
neatnefs and expedition, are generally drawn in the wire 
drawing machine, whether for Hiding or not. Some of 
thefe tubes are fluted. The prominent moulding and beads 
are generally of filver. The dift'erent parts are loldcred to- 
gether, fome parts with hard and others with foft folder. 
The brandies of candlelticks are formed in two halves, like 
the tea urn feet, &c. In forming fuch articles as are made 
of wire, fuch as bread balkets, toaft racks, and callers, the 
wire is bent into the given form with a wooden block and 
a mallet. When pieces require to be foldered together, the 
joinings mull be accurately fitted, in order to prevent the 
copper from appearing. In thefe cafes hard folder is em- 
ployed. This brancfi of plated manufa6turc admits of 
extcnfive application. Wires are capable of great variety 
of pofilions. The w^ork lately publiflied by fir James Hall, 
feems to prove that Gothic architefture hasf originated in 
the fanciful forms of bended twigs. The perulal of this 
work could not fail to give important hints to an ingenious 
manufadturer of plated wire work. 

Plated goods, particularly tea urns, and globular veflels 
for the fame purpofe, frequently require to be engraved ; 
but it is obvious that, from the extreme thinnefs of the 
plate, the graver would lay bare the copper ; and if the 
plate was fo thick all over as to admit of engraving, the ar- 
ticles would be very eitpenfive. Both theie evils are ob- 
viated, by working an extra plate of filver on to tlic part to 
be engraved. This is done while the plate, of which tlie 
veflel is made, is in its flat form. The part \vhere the en- 
graving will fall is firil feraped clean, and a plate of filver, 
of fimilar thicknefs to that employed for filver edges, is cut 
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to the fame fize, and alfo feraped clean. The plated fheet is 
then laid upon a hot anvil, ^ and the plate of filver laid upon 
the place prepared. It is firft rubbed flowly, but with great 
pre (lure, with a polifhed hammer previoufly heated, but not fo 
as to affefl the polilh. The plate will begin to adhere, and it 
may then be (lightly hammered ; ultimately it will adhere all 
over, and may now be hammered on a poliflied flake, till 
the whole furtace becomes plane, and the piece of filver can- 
not be dillinguifhed from the reft. This procefs is on the 
fame principle as the plating of wire, and is fimilar to weld- 
ing two pieces of iron together. It appears prafticable 
that the furfaces of any malleable metals, when clean and 
heated to acquire a certain degree of foftnefs; are capable 
of uniting. Mod people arc familiar with the union of two 
pieces of lead by preflure, even at the common temperature, 

When the different plated goods come out of the hands 
of the workmen, the rnctal, although clean, is of a duU 
white colour, poflefliug no polilh whatever. 

This lull finiih is called buniifliing, and is generally per- 
formed by females in a diftinift let of apartments. The 
burnifliing tools are generally made of blood-ftone, and fome 
of hardened ftecl finely polilhed. The latter are to burnilh 
the minute parts w’hich cannot be touched by the blood- 
ftone, which are employed chiefly for the greater and unin- 
terrupted parts. 

The bits of blood-ftone arc let into little cafes, made of 
flieet iron, and then finely poliflied. 

The burnifliers, if ufed dry, would adhere to the filver 
in fonu* places, and would fcratch inilead of giving the fine 
polifti intended. This is obviated by frequently dipping the 
burniftiing tool into a folution of white foap. After being 
burniflied they are raifed, and laltly wiped with clean ftieep's 
Ic.ither, 

It is a circumftance much to be regretted, that filver, 
although it is fufceptible of fo fine a polifh, does not keep 
its luitre. ^’hi8 is occafioned by the fulphur which conies 
from fulphurated hydrogen, a gas always exi/ling in the at- 
mofphcrr. Thethinneft coating of any fubttance will prevent 
this change. If the furface of filver were coated with a 
folution of gum arable or ilinglafs, the defence will not 
be perceived, and llu* fib, I'cr >vill never change colour. 

We fliall conclude this article w'ith a few remarks upon 
the prefent mode of plating the ingots intended for fhccts. 
It will be evident, that fince the heat in plating mult be 
equal to forming a jportion of an alloy of filver and copper, 
winch by its early fufion unites the two furfaces together, 
the filver will not be uniform in its quality, and by wearing 
wuH prefent an alloy having more than its proper quantity 
of copper ; and will, in confequence, exhibit a bafe colour. 
It will be remembered, that the method ufed for plating 
the wire ingots docs not admit of this inconvenience. The 
filver will keep its colour to the lull. We (hall no doubt 
hear, at fome period when the plated manufadurers employ 
men of talent as platers, tliut the ingots for rolling will 
plated by the method employed for the wire. 








Plotting 


PLOTTING, among Surveyors^ the art of defcribing 
or laying down on papi'r, &c. the fcvt ral angles and lines of 
a tradt of ground iurveyed by a theodolite, or the like in- 
flrument, and a chain. 

In fwrveying with the plain-table, the plotting is nccdlefs ; 
the feveral angles and di fiances being laid down on the fpot 
as fail as they are taken. 

But in working with the ll odolite, femicircle, or cir- 
cumferentor, the angles are taken in degrees ; and the dif- 
tances in chains and links. So that there remains a fubfe- 
quent operation, to reduce thofe numbers into lines ; and fo 
to form a draught, plan, or map. The operation is called 
plotting. 

Plotting, then, is performed by means of two inftruments, 
the protra<6lor and plotting-ft.alt'. By the firft, the feveral 
angles obferved in the field with a theodolite, or the like, 
and entered down in degrees in the field-book, are protra£led 
on paper in their juft quantity. 

By the latter, the feveral diftances meafured with the 
chain, and entered down, in like manner, in the field-book, 
are laid down in their juft proportion. 

Under the articles Prothactoji and Vhom^o-fcalet is 
found, fcverally, the ufe of thofi* refpedlivc inftruments in 
the laying down of angles and diftances ; we (hall here give 
their ufe conjointly, in the plotting of a field, furveyed 
either with the circumferentor, or theodolite. 

Plotting, Method of^ from the circumferentor* Siippofe an 
inclofure, e* gr* ABCDEFGHK (P/a/e VI. Surn^ey- 
ingf Jig. 10. ) to have been furveyed : and the feveral angles, 
as taken by a circumferentor in going round the field, and 
the diftances, as meafured by a chain, to be found entered in 
the field-book, as in the following table. 



Dfg. 

Mm. 

Cha. 

Link. 

A 

191 

00 

10 

75 

B 

297 

00 

6 

»3 

C 

216 

30 

7 

82 

D 

325 

00 

6 

9 ^ 

E 

12 

24 

9 

7 * 

F 

324 

30 

7 

54 

G 

98 

30 

7 

54 

H 

71 

00 

7 

78 

K 

161 

30 

8 

22 


I . On a paper of the proper diincnfioiis, as L M N O 
{Plate Vh Surveyings Jig. ii.) draw a number of parallel 
and eqiiidiftant lines, reprefenting meridians, expreffed in 
dotted lines. Their ufe is, todired the pofition of the pro- 
tradlor ; the diameter of which muft always be laid either 
upon one of them, or parallel thereto ; the femicirciilar limb 
downwards for angles greater than i bo , and upwards for 
thofe lefs than i8cr. 

The paper being thus prepared, affiime a point on fome 
meridian, as A, whereon lay the centre of the protractor, 
and the diameter along the line, Confult the field-book for 
the firft angle, i*. e. for the degree cut by the needle at A, 
which the table gives you 191®. 

Now fince 191° is more than a femicircle or 180°, the fe- 
micircle of the protraflor is to be laid downwards 5 wl^re, 
keeping it to the point with the protrafting pip, make a 
aeainft 191°; through which mark, from A, draw 
an indennite line A h. 

The firft angle thus protradled, again confult the book 
for the length of the torft line A B. This you find ten 
chains 75 links. From a convenient fcale therefore, on the 
plotting-fcale, take the extent of 10 chains 75 links be- 


tween the compalies j and letting out- point in A, mark 
where the other falls in the line A which fuppofe in B : 
draw, therefore, the full line A B for the firll fide of the 
inclofure. 

Proceed then to the fecond angle ; and laying the centre 
of the protradtor on the point B, witli the diameter as be- 
fore diredled, make a mark, as c, againft 297®* the degrees 
cut at B ; and draw the indefinite line B c. On this line, 
from the plotting-fcale, as before, fet off the length of 
your fecond line, vi%. 6 chains 83 links ; which extending 
fr^m B to the point C, draw the line B C for the fecond 
fide. 

proceed now to the lliird angle or flat Ion : lay then the 
centre ol the protradlor, as before, on the point C ; make 
a mark, as dy againll tlie number of degrees, cut at C, 
viz. 216^ 30' ; draw the indeliriite line C d, and tlieron fet 
off the third diftaiice, viz. 7 chains 82 links ; which termi- 
nating, e. gr. at D, draw the full line C 1 ) for the third fide. 

Proceed now to the fourth angle 1 ) ; 'and, laying the 
centre of the protradlor over the point 1), againft 325 , the 
degree cut by the needle, make a mark e ; draw the occult 
line D r, and thereon fet off the diilance 6 chains 96 links ; 
W'hich terminating E, draw D E for the fourth line ; and 
proceed to the fifth angle, viz. E. 

Here the degrees, cut by the needle, being 12° 24' (which 
is lefs than a femicircle), the centre of the protractor muft be 
laid on the point E, and the diameter on llie meridian, with 
the fcmicircular limb turned upwards. In this fituation 
make a mark, as before, againll the number of degrees, viz. 
12° 24^ cut by the needle at E ; draw the line E f on which 
let off the fifth diftance, viz. 9 chains 7 1 links j which ex- 
tending from E to F, draw the line E F for the fifth fide 
of the inclofure. 

After the fame manner proceed orderly to the angles F, 
G, H, and K ; then placing the protraction, making marks 
againft the refpeClive degrees, drawing indefinite lines, and 
fetting off the refpeClive diftances, as above, you will have 
the plot of the whole inclofure, ABC, &c. Such is the 
general method of plotting from this inftrument ; but it 
muft be obferved, that in this procefs, the ftationary lines, 
f. e.the lines in which the circumferentor is placed to take 
the angles, and in w^hicli the chain is run to meafure the dif- 
tances, are, properly, the lines here plotted. When, there- 
fore, in furveying, the ftationary lines are at any diftance 
from the fence or boundaries of the field, 3 cc. off-fets are 
taken, i, e. the diftance of the fence from the ftationary line 
is meafured at each ftation ; and even at intermediate places, 
if tliere prove any confiderable bends in*the fence. 

In plotting, therefore, the ftationary lines being laid down, 
as above, the off-fets muft be laid down from them ; i. e. per- 
pendiculars of the proper lengths muft be let fall at tlie pro- 
per places from the ftationary lines. The extremes of which 
perpendiculars, being connefled by lines, give the plot 
defired. 

If, inllead of going round the field, the angles and dif- 
tances have been all taken from one ftation, the procefs 
of plotting is obvious, from the example above ; all here 
required, being to protrad, after the manner already 
deicribed, the feveral angles and diftances, taken from the 
fame ftationary point in the field ; from the f^ame point or 
centre on the paper. The extremities of the lines thus de- 
termined, being then connected by lines, will give the plot 
required. 

If the field has been furveyed from tw^o ilations, the fta- 
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tionary lines are to be firft plotted, as above ; then the an- 
gles and diftances taken from each to be laid down from 
refpe£tively. 

PLbTTiNOf Method oU where the angles are taken by 
the theodolite f 'u e. by bacl^ght and fore-Jight (as it is called) 
is fomewhat different. To prepare the angles for plotting, 
the quantity of each muft firll be found, by fubtraAing 
the degrees of the fore-fight and back-light from each other ; 
the remainder is then the angte to be protraAed. The ufe 
of parallel lines is here excluded ; and inftead of laying the 
protraftor conftantly on, or parallel to meridians, its direc- 
tion is varied at every angle. The praAice is thus : 

Siippofe the former inclofiire to have been furveyed with 
the theodolite, after the manner of back-fight and fore- 
fight ; and fuppofe the quantity of eacli angle to be found 
by fubtraAion. 

An indefinite line is drawn at random, as AK. (.A^.n.) 
and on this the mcafured dillance, e* gr. 8 chains 22 links, 
is fet off, as in the former example : if now the quantity of 
the angle A have been found 140", tlie diameter of the pro- 
traAor is to be laid on the line A K, with the centre over 
A ; and againft the number of degrees, 140, a mark 
made, an indeterminate line drawn through it, and the dif- 
tance of the line A B laid down from tlie fcalc upon it. 

Thus we gain the point B ; upon which laying the cen- 
tre of the protraAor, the diameter along the line A B, the 
angle B is protruded, by making a mark againil its number 
of degrees, drawing an occult line, and felting ofl* the dillance 
BC, as before. 

Then proceed to C, laying the diameter of the protraAor 
on B C, the centre oh C protraAs the angle C, and draw the 
line C D : thus, proceeding orderly to all the angles and 
Tides, you will have the plot of the whole inclofurc A B C, 
&c. as before. 

pLOT'riX(i-5'rj/r, a mathematical inllrument ufually of 
box -wood, fometimes of brafs, ivory, or filver, and either 
a foot, or half a foot long, and about an inch and a hall 
broad. 

It is denominated from its ufe in plotting of grounds, 
&c. 

On one fide of the inllrument (reprefented PlcAe VI. 
Surveying, Jig » 12 .) are 1 even feveral fcales or lines, divided 
into equal parts. The firll divifion of the firll fcale is fubdi- 
vided into ten equal parts, to which is prefixed the num- 
ber 10, lignifying that ten of thofe fubdivifions make an 
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inch ; or that the divifions of that fcale are decimals ot 
iiK'hes. 

'rhe firfl divifion of the fecond fcale is likewife fubdivided 
into 10, to which is prefixed the number 16, denoting that 
fixteon of thole luhdivifioTis make an incli. The firft divi- 
fion of the third fcale is fubdividi'd in like manner into 10, to 
wliich is prefixed the number 20. To that of the fourth 
fcale IS prefixed the number 24 ; to that of tlie fifth, 30 ; 
that of the fixth, 40; and tliat of the feventh, 48; de- 
noting thtMiumher of fubdivifions equal to an inch, in each, 
relpeAivt‘ly. 

The two lad feahs are broken off before the end, to 
give room for two lines of chords, marked by the letters 

cc. 

On the hack-fide of the iiiftniment is a diagonal fcale, 
the firll of whole divifions, which is an inch long, if the 
fcale be a foot, and half an inch, if lialf a foot, is fubdi- 
vided, diagonally, into 100 equal parts; and at the other 
end of the fcale is another diagonal fubdivilion, of half 
the length of the former, into tlu‘ Tame number of parts, 
viz. 100 

Next the fcales, is a line divided into hundredth parts of a 
foot, numbered 10, 20, 30, 6 cc. and a line of inches fub- 
divided into tenths, marked l, 2, 3, &c. 

pL0TTlNG-5rfl/r, U/e of the. I, jiny diftanee being mea» 
fured by the chain, to lay it down on the papers — Suppofe the 
diftanee to be 6 chains 50 links. Draw an indefinite line ; 
fet one foot of the compafles at figure 6 on the fcale, e. gr* 
the fcale of 20 in an inch, and extend the other to five of the 
fubdivifions, for the 50 links : this diftanee being transferred 
to the line, will exhibit the 6 chains 50 links, required. 

If it be delired to have 6 chains 50 links, take up more 
or lefs fpace, take them off from a greater or leffer fcalc, 
i. e. from a fcale that has more or fewer divifions in an 
inch. 

To find the chains and links contained in a right line, as that 
jujl drawn, according to any fcale, e. gr. that of 20 in an 
inch. Take tlie length of the line in the compafles, and ap- 
plying it to the given fcale, you will find it extend from the 
number 6 of the great divifions to five of the fmall ones ; 
hence the given line contains 6 chains ^o links. 

Pi.0TTiNG-7rtWr, in Surveying, Is ufed for a plain table, 
as improved by Mr. Beighton, who has obviated a good 
many inconveniences attending the ufe of the common plain 
table. See Phil. Traiif. N‘^46i. feA. i. 



Plumbago 


PLUMBA(jO, a name i-vidcntly derived from plumbumf 
lead, but whciher it alludes to any colouring quality in the 
plant, or to the hue of its foliage, criiics are not agreed. 
The latter feems confiftent with P. furopaut or Common 
Leadwort, whofe leaves are of a very peculiar greyilh-grecn. 
The Polyj^onum Perficaria^ with dark fpots on its leaves, 
has fometimes borne this name, for a fimilar reafon. — 
Linn. Gen. ‘86. Schreb. 114. Willd. Sp. PI. v. i, 837. 
Mart. Mill. Diet. v. 3. Ait. Hort. Kew. v. i. 323. 
Brown Prodr. Nov. Holl. v. i. 425. Sm. Prodr. FI. 
Grace. Sibth. v. i. 131. Jufl*. 92. Tourn. t. 58. La- 
marck IHuftr. t. 105. Gxrtn. t. 50.— Clafs and order, 
Pentarulria Monogynia, Nat. Ord. undetermined by Lin- 
nxus. P/umbajimSi .Jufl. 

Gen. Ch. Cat, Perianth inferior, of one leaf, ovate- 
oblong, tubular, with five plaits or angles, and five teeth, 
rough, permanent. Cor. of one petal, funnel-ftiaped ; tube 


cylindrical, coiitrad<‘d upwards, longer than the calyx ; 
limb in five ovate, rather Ipreading, fegments. Stam. Fila- 
ments five, awbftiaped, unconneded wdtli the corolla, 
encloft d within its tube ; anthers fmall, oblong, verfatile. 
Pifi. Germeii fuptrior, ovate, very Imall; ftyle fimple, 
the length of the tube ; lligmas five, {lender, fimple. Peric. 
Capful'' ovate, thin, of one cell and five incomplete valves. 
Sted lolitary, ovate. 

Obf. We find no traces of the neftary, or valves fup- 
porting the llamens, defenbed by Linrueus. 

Eir. Ch. Corolla funnel-fhaped. Stamens inferted into 
the reccptach'. Stigmas five. Capfulc membranous, of 
one cell. Seed folltary. 

1. P. europgQ, Common Lead-wort. Linn. Sp. PI. 
215. Sm. FI. Gr»c. Sibth. 1. loi, unpubl. (P. Pliuii ; 
Ger. Em. 1254. Tripolium Diouroridis ; Column. Eephr. 
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i6o. t. i6i.)— Leaves clafping theftem, lanceolate-oblong, 
rough. Stem ftraight, ereA — Native of the fouth of 
Europe. Perennial and hardy in our gardens, but not in 
general cultivation. The Jlem is herbaceous, three feet high, 
upright, leafy, furrowed, with many ftraight upright 
flowering branches, each terminating in a fimple denfc 
f^ike^ of imall pale-purple Jlonvers with a briltly calyx. The 
leaves are alternate, numerous, recurved, oblong-lanceolate, 
obtufe, bluntly toothed, dull green, rough but not hairy ; 
their bafe tapering, then dilated round the llem or branch. 

2. P. lapnthifona. Dock-leaved Lead-wort. Willd. n. 2. 
orientalis, lapathi iolio, florc miiiore albido ; Tourn. 

Cor. 7.) — “ Leaves clafping the llcm, lanceolate, fmooth. 
Stem divaricated.” — Native of Iberia. Stem taller, with 
longer more fpreading branches ; leaves much larger, 
fmooth ; Jlowers about half the fize of the foregoing, Willd. 

3. P. enpenfts. Cape Lead-wort. Thunb. Prodr. 33. 
Willd. n. 3. — “ Leaves ftalked, oblong, nearly entire; 
glaucous beneath. Stem eredt.” Thunh. — Native of the 
Cape of Good Hope. 

4. Y . %eylanica. Ceylon Lead-wort. Linn. Sp. PI. 215. 
Willd. n. 4. Ait. n. 2. Brown n. i. (I^ychnis indica 
fpicata, ocymaftri foliis, frudlibus lappaceis oblongis, radice 
urente; Comm. Hort. v. 2. 169. t. 85.) — Leaves ftalked, 
oblong-ovate, fmooth, entire. Stem eredl, round. — Native 
of the Eaft Indies, and New Holland. It flowers in the 
ftove from April to September. The Jlem is rather flirubby. 
Flowers white ; with a long tube. 

5. P. rofea. Rofe-coloured I„ead-wort. Linn. Sp. PI. 215. 
Willd. n. 5. Ait. n. 3. Curt. Mag. t. 230. (Radix 
veficatoria ; Rumph. Amboin. v. 6. 453. t. 168.) — 
I^eaNcs ftalked, ovate, fmooth, fomewnat toothed. Joints 
of the ftem tumid.— Native of the Eaft Indies ; faid to have 
been introduced by Dr, Fothergill in 1777, It blooms in 
the ftove almoft all the y'ear long ; and is the moft favourite 
fpecies of its genus, pn account of the delicate pale fcarlet 
of its Jlowers^ which form compound clufters at the ends 
of the branches. The Jlem is flirubby, four or five feet 
high, (lender, and requiring fupport. Leaves recurved, 

6. P. jeandens. Climbing Lead-wort. Linn. Sp. PI. 
215. Willd. n. 6. Ait. n. 4, (Dentcllaria lychnioides 
fylvatica fcandens, flore albo ; Sloane Jam. v. i. 21 1, t* 133. 
f. I.) — Leaves ftalked, ovate, fmooth. Stem zigzag, 
climbing. Native of the Weft Indies. It was brought 
into the ftoves of this country very early, but is not much 
regarded at prefent, the Jlowers being white and not llriking 
in their appearance. Sloane compares them to the common 
field Campion. The climbing, much more lofty Jlemy diftin- 
guifhes it from the two laft. Their leaves are variable, and 
afford no well-marked diftinflion. 

7. P. aurirulata. Auricled Lead-wort. Lamarck Di6I. 
V. 2. 270. Willd. n. 7. — Leaves ftalked, ovate-oblong, 
with fcaly dots beneath. Footftalks auricled at their bale, 
and clafping the ftem. — Native of the Eaft Indies. Stem 
flirubby, flender. Leaves obtufe, fmooth above ; contraffed 
at their bafe. Flowers in fliort terminal fpikes, refembling 
thofe of P. rofea in form, but in the dried fpecimen they 
had no appearance of a red colour. Lamarck. 

8. P. trifth. Dark-flowered Lead-wort. Ait. n. 5 ‘"~ 
“ Leaves obovate, abrupt, fmooth. — Native of the Cape of 
Good Hope, from whence it was fent to Kew by Mr. 
Maifon, in 1792, This is a greenhoufe (hrub, flowering 
in May and June. We have feen no fpccimens of thele 
two laft fpecies. 

Plumbago, in Gardenings contains plants of the herba- 
ceous, flowering, perennial kinds, of which the fpecies cul- 
tivated are; the European leadwort (P. europxa) ; the 


Ceylon leadwort (P. zeylanica) ; the rofe-coloured lead 
wort (P. rofea) ; and the climbing leadwort (P. fcandens). 

Method of Culture . — The fir ft (ort is increafed by parting 
the roots in the autumn, when the ftems decay, and plant- 
ing them in a dry foil. They (hould afterwards be kept 
clean from weeds, and have proper fupport. 

The three other forts (hould be railed from feeds, which 
(hould be fown in pots in the fpring, and plunged in hot- 
beds. Tliey likewife may fometimes be raifed by planting 
flips and cuttings in pots, and plunging them in the fame 
lorts of hot -beds. 

Thefe are all ornamental flowering plants ; the firft in 
the plcafurc-grounds, and tlie others in pots among hot- 
houlc collections. 

Plumbago, in Metallurgy ^ a metalline recrement, fepa- 
rated in the purification of gold or filver with lead, and 
(licking to the fides of the furnace. 

This is other wife called molybdana ; and has the fame 
virtue with litharge. See Molybda:na. 

l^LirMBAGO feems to have been iifed, among the jIncientSs 
for Black Lead (which fee), and employed in making 
pencils for defigning, &c. 

The black lead ufed for this piirpofc, called “ plum- 
bago,” and alfo “ carbure of iron,” by Werner “ graphit,” 
the “ fer carbure” of Haiiy, is a fpecies of coal, or mineral 
carbon (fee Coal), of a dark iron black colour, palling 
into Heel-grey, and occurs in mafs, in kidney-lhaped lumps, 
and diffeminated. It has a gliftening metallic luftre ; its 
fra^lure is fmall, fomewhat curved foliated, approaching to 
fcaly, or granular uneven : in the great it is (laty. It 
occurs generally in granular or fcaly diftiudt concretions ; 
takes a polifli by cutting or rubbing ; gives a dark lead- 
grey ftreak, and is undluous to the feel, (oft, and not very 
brittle. Spec. grav. 1.98 to 2.26. P. does not flame 
when heated, nor can by itfclf to fnppon combuftion. 
After long cxpol'ure to a high heat in a muftle, its carbon 
is burnt off, and its earthy and metallic part remains be- 
hind. If one part of plumbago, and two of very cauftic 
dry alkaline, be heated in a retort with the pneumato-chc- 
mical apparatus, the alkaline becomes effervefeent, hydro- 
genous gas is obtained, and the plumbago difappears. 
This experiment proves, that the fmall quantity of water 
contained in the lalt is decompofed, and that its oxygen, by 
combining with the carbon of plumbago, forms the car- 
bonic acid. The fulphuric acid does not ad upon plum- 
bago, according to Scbecle. Pelletier has obferved, that 
100 grains of plumbago, and four ounces of oil of vitriol, 
being digefted in the cold for feveral months, the acid ac- 
quired a green colour, and the property of congealing by 
a very (li^t degree of cold. The fulphuric acid dittilled 
from plumbago paffes to the (late of the fulphureous acid ; 
at the fame time that carbonic acid is obtained, and an 
oxyd of iron is left in the retort. The nitric acid has no 
adion upon plumbago, unlefs it be impure. The muriatic 
acid diffolves the iron and clay which contaminate native 
plumbago. Meffrs. Berthollet and Schccle availed them- 
felves of this method to purify it. The liquor being de- 
canted after digeftion upon the plumbago, the refidue is then 
waflicd and fubmitted to diftillation to feparatc the fulphur. 
The muriatic acid alone has no adlion upon plumbago, but 
the oxygenated muriatic acid diflblves it ; the refult being 
a true combuftion effeded by the oxygen of the acid, and 
the carbon of the plumbago. If ten parts of the nitrate of 
pot-a(h be fufed in a crucible, and one part of plumbago 
be thrown upon it by a little at a time, the fait will defla- 
grate, and the plumbago will be dettroyed. The matter 
which remains in the crucible confifts of very effervefeent 
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alkali, and a Imall portion of martial ocluv. If plumbago 
diililled with muriat ' of ru:moniA, the mur'ate fublimee, 
coloured by the iron. All thcfe fads prove that plumbago 
is a peculiar combuftiblc fubftance, a true charcoal com- 
bined with a martial bafis. Tiie purer kind of plumbago, 
according to Schecle and Berthollet, confifts of about 90 
per cent* of carbon and 10 of iron. An impure kind from 
Pluffier afforded Vauquelin 

23 carbon 
2 iron 

37 alumine 

38 filex 

100 

The brilliant charcoal of certain vegetable fubilances, more 
cfpecially when formed by difiillation in clofe veflels, pof- 
fefles all the charaders of plumbago ; and the charcoal of ani- 
mal fubftanccs, pofTefles charaders ftill more peculiarly refem- 
bling it. When animal fubftanccs are diltilled by a llrong 
Hre, a very fine powder fublimes, whkh attaches itfelf to the 
inner part of the neck of the retort. This fubftance may 
be made into excellent black-lead pencils. Carbon may be 
formed in the earth by the decompofition of wood, toge- 
ther with pyrites ; but the origin of plumbago, fays M. 
Chaptal, is principally owing to the ligneous, and truly 
indecompofable, part of the wood, which refills the de- 
flrudive adion of water in its decompolition of vegetable 
fubflances. This mineral is found in primitive and tranfi- 
tion rocks in England, Scotland, France, Spain, Germany, 
America, &c. Befidcs its ufc for pencils, the bell for this 
purpofe is that from Borrowdale, in Cumberland ; it is 
fometimes ufed to lubricate machinery inflead of oil, and 
to proted iron from rufl. The hearths and plates of 
chirnnies and other utenfils, which appear very bright, owe 
their colour to plumbago. For this purpofe Horaberg 
long ago, •uia;. in 1699, direded 8lbs. of hog’s-lard to be 
melted with a fmall quantity of water, with the addition of 
4 02. of camphor. When this lalt is fufed, the mixture 
is taken from the fire ; and while it is yet hot, a fmall 
quantity of plumbago is added to give it a leaden colour. 
When this is to be applied, the utenfils mull be heated to 
fuch a degree, that the hand can fcarcely bear to touch 
them. In this Hate the compofition mull be rubbed on 
them, and afterwards wiped when the piece is dry. Thofc 
who prepare fmall Ihot, ufe black lead to polilli or glaze it, 
by rolling or agitating them together with a quantity of 
plumbago. It is likewife ufed to make razor ftrops. 
When kneaded with clay, it makes excellent crucibles. 
One part of plumbago, three of argillaceous earth, and a 
fmall quantity of cow^s dung very finely chopped, form 
an excellent lute for retorts ; this lute is very refraftory ; 
and the glafs will melt with the coverings changing its 
form. Aikin’s Didl. Chaptal’s Chem. vol. ii. 

Pomet fays, that plumbago was the fea-lead, plumbum 
marinum^ of the ancients ; who, he notes, took black-lead 
for a prodiiftion of the fea, not a mineral, as it really is ; 
but this is fcarcely credible. 

Plumbago, in the Hijlory of the GemSf a word ufed by 
the Roman authors to exprefs a blemifh common to their 
worfe kmds, and greatly debafing their value. It was a 
fort of blueifh or blackifh deadnefs in the (lone, which mixed 
itfelf with the other colour, be that what it w’ould, and 
rendered it dull and dead. The emerald was of all the 
gems the moR fubje^l to this fault ; and in this cafe, its fine 
green colour was always rendered cloudy and blueifh ; and 
in fome lights the (lone appeared of a du(ky greyi(h-blue, 
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with no green at all in it. The BaArian emeralds, which 
were in great efteem with the ancients, were often fubjeA 
to this imperfeAion ; and thofe of Cyprus, taken out of 
the copper mines, though fubjeA to many other imper- 
fcAions, were ufually quite free from this. 

Plumbago, in Mineralogy y a name given by many authors 
to a fort of foflll, having very much the appearance of a 
lead-ore, but not fuch in reality. 

It is called alfo galena, blende, and mock-lead. It is 
ufually of a plated texture, and dark blackifii-blue colour, 
like the lead-ores ; but on trial it yields no metal. See 
GaI/ENA and Ble.vdb. 

PLUMBARIA, in Ancient Geography^ an ifiand fituated 
on the coaft of Spain, near the promontory Dianium, ac- 
cording to Strabo. 

PLUMB ATiE, among the AncientSy a kind of fcourge, 
the thongs of which were armed with lead. 

Plumbat-® likewife fignified leaden balls, ufed by fol- 
diers to annoy the enemy with ; whence the foldiers were 
called martioharlmli* 

PLUMBERY, formed of plumhumy leady the art of call- 
ing, preparing, and working lead ; and of ufing it in build- 
ings, See. See Lead. 

The lead ufed in plumbery is furnifiied from the lead- 
works in large ingots, or blocks, called pigs of lead, ordi- 
narily weighing about a hundred pounds a-piece. 

As this metal melts very eafily, it is eafy to call figures of 
it, of any kind, by running it into moulds of brais, clay, 
plaifter, 5 cc. But the chief article in plumbery is the 
(beets, and pipes of lead. They are thefe which make the 
bafis of the plumber’s work in building ; the procefs of 
thefe, therefore, we (hall give a defeription of. 

Method of cqfling large Sheets of Lead. — The lead dedined 
for this ufe is melted in a large cauldron or furnace, ufually 
built with free-done and earth, fortified on the out fide with 
a maffive of (hards and plaifter. At the bottom of it is a 
place funk lower than the re (I, in which is difpofed an iron 
pot, or pan, to receive what may remain of the metal after 
the (heet is run. The furnace is fo raifed above the area of 
the floor, as that the iron pot juft reds on it. 

To ufe the furnace, they heat it with wood laid within 
it ; that done, they throw in the lead at random with the 
burning coals, to melt. 

Near the furnace is the table or mould, on which the lead 
is to be cad. This confids of large pieces of wood, well 
jointed, and bound with bars of iron at the ends. Around 
it runs a frame, confiding of a ledge or border of wood, 
two or three inches thick, and one or two high from the 
table, called the fbarps* The ordinary width of the tables 
is from three to four feet ; and their length from eighteen to 
twenty feet. 

This table is covered with fine fand, prepared by moiden- 
ing it with a watering pot, then working it with a dick ; 
and at lad, to render it fmooth and even, beating it flat with 
a mallet, and planing it with a flip of brafe, or wood. 

Over the table is a drike or rake of wood, which bears 
and plays on the edges of the frame, by means of a notch 
cut in cither end oT it ; and is fo placed, as that between 
it and the fand is a fpace proportionable to the intended 
thickiiefs of the flieet. The ufe of this ftrike is to drive the 
matter, while yet liquid, to the extremity of the mould. 

At top of the table is a triangular iron peel or (hovel, bear- 
ing, before, on the edge of the table itfelf, and behind, on 
a treifel fomewhat lower than the table. Its ufe is in con- 
veying the metal into the mould ; and the defign of its ob- 
lique difpofition is, that it may by that means be able to re- 
tain the metd, and keep it from running off at the fore-fide, 
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XV here it has no led^e. Some of thcfe peels are big enough 
to hold fifteen or lixtcen hundred weight of lead, and even 
nvire. 

Things b'^ing thus difpofrd, with a large iron ladle they 
take out the melted lead, coals and all, out of the furnace ; 
and with this, mixed as it is, they hll the iron peel. When 
full, they take out the coals, and clear the lead with another 
iron fpoon, pierced after the mar.n^ r ot a fcumrr.er. 

This done, they hoift up the lower part of the peel by 
its handle ; upon which the liquid matter running off, and 
fpreading itfclf on the mould, the plumber conoudls and 
drives it to the extremity of the table, by means of the ftrike, 
which the workman paffes along the ledges, and thus renders 
th'* (heet of an equal thicknefs. 

Tlie rtieets thus caft, there remains nothing but to edge 
them, L e, to planiHi the cdg( s on both fides, in ordir to 
render them fmooth and flraight. 

Method of cajling thin Sheets of Lead, — The table or mould 
here ufed is of a length or breadth at diferetion, only ledged 
on one fide. Inftead of fand, they cover it with a piece of 
woollen ftiiif, nailed down at the two ends, to keep it tight ; 
and over this they lay a very fine linen cloth. The feet of 
the table are uneven, fo that it does not iland hori/ontal, 
but moderately inclined. 

Great regard is, in this procefs, had to the lead while 
melting, that it have the juft degree of heat, fo as it may 
run well, yet not burn the linen. This they judge of by 
a piece of paper ; for if the paper take fire in the liquid 
lead, it is too hot ; and if it he not fhrunk and fcorched a 
little, it is not hot enough. 

Being then in its juft dx'gree, they have a ftrike, but dif- 
ferent hrom that deu'ribed in the former article ; as ferving 
both for peel and flrike ; both to contain and to conduft 
the liquid lead. It is, in efft dl, a wooden cafe without any 
bottom, only clofed on three iides. It is pretty high be- 
hind, but the two Tides, like two acute angles, ftill diminifli 
to the lip, from the place where they are joined to the third 
or middle piece, whi re they are of the fame h<'ight with 
it ; *vi%, feven or eight inches high. The width of the 
middle makes that of the ftrike, which again makes that of 
the fticet to be caft. 

The ftrike is placed at top of the table, wliich is before 
covired in that part, with a paftehoard, that ferves as a bot- 
tom to the cafe, and prevents the linen from being burnt 
while the liquid is pouring in. 'The llnke is fo dlfpofed on 
the table, as that the higlieli part looks to the lower end of 
the table, and the two iToping fid. s to the higher end, 

'i'he flrike is iiow filled with lead, according to tlic quan- 
tity to be ufed ; winch done, two men, one at each fide the 
table, let the ftrike defeend down the table, or clfe draw it 
down with a vt locity greatvr or kfs, as the fheet is to be 
more orlefs thick ; the thicknefs of the fheet ftill depending 
on the promptitude with which llie flrike flidi s down the in- 
v:Iining mould. 

The fine fmcoth iheets of lead, thus made, are fometimes 
ufed between the joints of large ftones in great buildings, 


&c. 


For the method of cajling pipes t ‘luithout ftlderhig, fee 
Tlie folder which the plumbers ufe, is a mixture of two 
pounds of lead with oiv* ('f tin. See SoLT>Efi. 

Plumber’s work is commonly eft im.Utd by the pound or 
hundr/d weight ; but the wv ight may be dilcovercd by the 
meafure of it, in the manner below llated. Sheet lead ufed 
in roofing, guttering, &c. is commonly between feven and 
twelve pounds weight to the fqiiare foot ; but the following 
table fhews by Inlpedlion the particular weight of a fquarc 
foot for each of feveral thickneftes. 


unfls to a 
S(^\ ,.r« 

'ri»ukn< fs. 

Pounds m a 
Sejuare Kcxit. 

5.899 , 

•15 

8.848 

6.489 I 

.16 

9-438 

6.354 

1 

n 

9.831 

7.078 


10.028 

7 -. 37.3 

.18 

10.618 

7.668 

.19 

1 1.207 

8.238 

.2 --r ’ 

11.797 

8.427 

.21 

12.387 


In this table the thicknefs is fet down in tenths and Iiiir- 
dredths, &c. of an inch ; and the annexed correfponding 
numbers are the weights in avoirdupois pounds, and thou- 
fandth parts of a pound. So the weight of a fquarc foot 
of or ,V'o an inch thick, is 5 pounds and 899 thou- 
fandth paits of a pound ; and the weight of a fquai'e foot 
to \ of an inch lliicknefs is 6 pounds and ^ pound. 

Leaden pipe of an inch bore is commonly 13 or 14 pounds 
to the yard in length. 


Examples, 


I. How much weighs the lead which is 39 feet 6 Inches 
long, and 3 feet 3 inches broad, at 8^ lbs. to the fquare 
foot ? 

Duodecimals. 


Decimal K. 



118.9 


9.879 


ii «’375 

87 , 


1027.000 

64.1879 


39 

3 

1 18 6 

9106 


128 46 

H 

1024 


64 

2,1 

OJ ’ 


1091.1879 Ailfwer 1091 A lbs. 


2. What coft the covering and guttering of a roof with 
lead, at i8j. the cwt. ; llieli ngth of the roof being 43 fci l, 
and the breadth or girth ovtr it 32 feet, tlie ;,uiUring 57 
feet long, and two feet wide; the former 9.831 lbs., and 
the latter, 7.373 lbs. to the Iquare foot ? Anl. 1 1 5/. ^s. l\d, 
Hutton’s Menliiration. 

PI.UMBING, among Miners, a term ufed to exprefs 
tlie ufmg 3 mine dial, in order to know the exaft place of 
the work where to fink down an air fhaft, or to bring an 
adit to the work, or to know which way the load incliacfi 
wlien any flexure happens in it. 

It is performed in this manner : a (kilfid perfon vvith an 
alfiftant, and with pen, ink, and paper, and a long line and 
a fun-dial, after his gm'fs of the place above ground, 
defeends into the adit or work, and there faftens one end 
of the line to fome fixed thing in it ; tlien the incited needle 
is let to reft, and tlie exad point where it refts is marked 
with a pen ; he then goes on farther in tlie line ftill faftened, 
and at the next flexure of the adit he makts a mark on the 
line by a knot or olherw ife ; and then letting down the dial 
again, he there hkewife notes down that point at which the 
n^dlc ftands in this fecond pofition. In this manner he 
proceeds from turning to turning, marking down the points. 
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and marking the lim: till he comes to the intended placi _ Plumbum Corncum, called alio Satunius conm, in CI:e- 
this done, he afcencls, and begins to WMrk on the furlace of mifiry, is a metallic fait, formed by the precipitation of lead 
the earth what he did in the adit, bringiit'T the firlt knot in from its folution in nitrous acid with the marine acid, and all 
the line to fucli a place where the mark ot the place of the the neutral falls w 'U h contain it. It is thus called from its 
needle v/iil again aniwer its pointing, and continues this till rclemblantc to the luna cornea. This fait may be made by 
he comes to tlie delirrd jilate above ground, which is certain other methods, and particularly by difengaging the volatile 
to be pcrpeudiaihirly over the part of the mici- into which alkali from fal ainmoni.ac by lead. Jn this way Mr. Mar- 
tlie air-lliah to be luiik. graaf makes the plumbum corneum, which he employs in 

PLUMBUM. .SceJ.i'Ai). the preparation of phofphorur. See Lkad. 



Polisher 


POLISHER, an inftrument, called alfo a burnifher, 

ufcd for polifhing and buriiifliing gold, filver, and other 
metals, when gilt or lilvcred ; and matters of other kinds, 
proper to take a poli/h. 

The polirtier is different in the different arts and maiiu- 
fadlories. The gilders ufe an iron polifticr, to prepare 
their metals before gilding ; and the blood-flone, to give 
them the bright polim after gilding. 

The poliflier iifed by the makers of fpilrs, bits, 5cc. is 
part iron, part fteel, and part wood. The inllrumeiit con- 
lifts of an iron bar, with a wooden handle at one end, and a 
hook at the other, to fallen it to another piece of wood 
held in the vice, wliile the operator is at work. In the 
middle of the bow, withinllde, is what they properly call 
the poliflier ; which is a triangular piece of llccl, with a 
tail, by which it is rivetted to the bow. What the cutlers 
call their polifliers are a kind of wooden wheels, for grind- 
ing, made of walnut-tree, an inch thick, and of a diameter 
at pleafure. They are turned by the great wheel ; and it 
is on thefe they polifli and fmooth their works with emery 
and putty. 

, The polifliers ufed in the manufafture of glafs arc very 
different from all thefe. They coiiiift of two pieces of 
wood ; the one flat, covered with old hat ; the other long 
and half round, fallened on the former, whofe edge it 
exceeds, on botli Tides, by foinc inches : which ferve the 
workman to take hold of, and to work it backwards and 
forwards by. 

The polifliers ufed by fpe(5lacle-makers are pieces of 
wood a foot long, feveii or eight inches broad, and an inch 
and a half tliick, covered witli old caftor hat, on which they 
polifli the (hell and horn frames their fpedfacle glaffes arc 
to be fet in. 

POLISHING, the art of giving a glofs or luftre to a 
thing ; particularly a precious lloiie, marble, glafs, a mirror, 
or tlic like. 

For grinding and polifhing Heel, the grindflones that 
are ufed are made to revolve, cither vertically or horizontally, 
with a velocity fo great, as to deferibe fometimes as much 
^ fixty feet in a feeond. The fteel is alio, in fome cafes, 
drawn backwards and forwards horizontally on a circular 
furface ; and in order that the adlion may be equally difiri- 
buted throughout the furface, it is allowed to revolve on an 
axis by means of the fri£lion ; its motion being confined to 
one direction by the action of a catch. Various lubllanccs, 
eliiefly of mineral origin, are alfo ufed, on account of their 
harduefs, as intermediate materials, for grinding and polifh- 
ing others. Thefe are diamond dull, corundum, emery, 
tripoli, putty, glafs, faud, flint, red ox yd of non, or crocus 
martis, and prepared chalk. Thefe arc fomet lines applied 
in loofe powder, and fometimes fixed on wood, leather, ©r 
paper. Cuttle-fifh bone and feal-flein are furaifhed by the 
animal kingdom; and Dutch ru flies by the vegetable; 
thefe are employed chiefly in polifhing wood or ivory. 
Marble is made fmooth by Tubbing one piece on another, 
with the interpofition of fand ; the polifhing blocks are 
fomelimes cauled to revolve by machinery in a trough, in 
which the marble is placed under water, and are drawn it 
the fame time gradually to and from the centre ; or the 


flab itfelf, with the frame on which it rcits, is drawn flowly 
backwards and forwards, while the blocks arc working in 
it. (See Poiyhing of Marble.) Granite is polifhed with 
iron rubbers, by means of fand, emery, and putty : but it 
is nccefl'ary to take care, during the operation, that the 
water, which trickles down from the rubbers, and carries 
with it fome of the iron, may not coiled! below the columns, 
and ftain them ; an inconvenience which may be wljolly 
avoided by employing rubbers of glafs. 

For the method of grinding and polifhing optical lenfes, 
fee Grinding, Lens, and Mirror. 

Polishing of Glajfts^ I.tnjesy fucceeds the grinding 
of them. 

The polifhing of a mirror is the lafl preparation given it 
W'ith emery or putty. 

For an account of the methods recommended by various 
authors for polifhing glafs and metals in tlic conitrudtion of 
tclefcopes, &c. fee Grinding. 

For the polifhing of diamonds, 5c c. fee Lapidary ; fee 
alfo Diamond, and Gems. 

When plates of glafs for looking-glafles and mirrors are 
prepared in the manner ftalcd under Looking-G/^j and 
Mirror, the next procefs is that of polifhing both fur- 
faces to that perfedt bright nefs which is obfervabic in 
finiflied mirrors, fo that the rays of light may pafs through 
unimpaired to the filvering on the pofterior furface, and be 
rcftcAed again from thence, according to the laws of cju 
toptricR. The fubftance ufed to give this lall polifli is 
colcothar, imported from this country, and called “ rouge 
d^Angleterre,^' or Polcc.^* It is the refiduc left in the 
retorts of the aquafortis-makers, and when well wafhed and 
levigated conflits of little elfe than a red and perfedi oxyd of 
iron. The polifhing inftrurnent is u block of wood covered 
with feveral folds of black cloth with carded wool between 
each fold, fo as to make a firm elallic cuflilon. This block 
has a handle for the workman it) hold ; for the whole of 
this part is done by hand and not by machinery, as the latter 
would work too iiniforndy, and not allow of that variation 
of preffure and thofc finifliing touches which are required 
to bring every part of the glafs to exactly the fame height 
of polifli. But to increafe the preffure of the poliflier, 
without fatiguing the workman, tlie handle is lengthened 
by a wooden fpring bent to a how, and three or four feet 
long, which at llie other extremity refts againfl a fixed 
point in a beam placed above. The plate being fixed on 
tlu* t.ible by plaflcr, lie I lien moiftens the polifher with a 
wet brulh, rovers it with colcothar, and begins his operation 
by working it backwards and forwards over the furface of 
the jilate. Much prad!ical flcill and dexterity isTequired to 
give an uniform and high degree of polifli over the furface 
of a large plate, as it mull be done by feparate portions, 
and the finifliing touches given with great care. The glaffes 
of moderate fize are completed in four portions from corner 
to corner, the centres of which intermingle fo as to leave no 
part untouched, but the larger glaffes require additional 
polifliing in the centre. When one fide is completed, and 
the reverfe is about to be done, the polifhed fide, now the 
undermoft, is entirely covered with the red colcothar, to 
prevent the dazzle refledted from the white platter, which 
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would prevent the workman from judging fo accurately of 
the Hate of tlie fiirfaccs on which he is employed. Wlieii 
both fidfs of the glafs are thus brought to the fame per- 
fertioii of pohfli, th" operation is finilhed by infpeAing the 
glafs, firft cleaning both furfaces, and laying it, each fide 
alternately upwards, upon a dark blue or black cloth, ad- 
mitting only a moderate light, and if any part appear lefs 
highly finilhed tliaii the reft it is retouched by a fmall hand- 
poli/her and coleotluir as before. 

Wlieti a number of fmaller pieces of glais, fuch as are 
ufed only for cliandier or fimilur mirrors arc to be polifiied, 
they are laid together on tlie table, and fcvcral of them 
polilhed at a time. But as thefe confift of pieces often of 
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unequal thickneis, though their lurtaces have been rendered 
perfeftly flat by the previous grinding, if they were Amply 
placed fide by fide, and fixed on the table by plafter as 
ufuil, the poliftier would not work well over fuch a variety 
of heights, and would aft chiefly on the edges of each piece 
of plate. Therefore they are all firft arranged on a large 
fmooth plate, finilhed all but the polifhing, and previoufly 
wetted, and plafter is poured upon them by which they are 
fixed together, and then when taken off, the furfaces which 
were in contaft with the plate arc pcrfcftly level with each 
other, and the polilhing goes on with the fame cafe as on 
an entire plate. 

For an account of the next operation, which is that of 
Silvfring, fee that article, and Lookino-G’/zt/J. 
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PORCELAIN, or Purcjxain, a fine fort of 
ware, chiefly manufaftured in China, and thence alfo cuied 
ehmOi or chuU’Wtrti but brought into Europe from 


other parti of the Bait, cfpecially Japan, Siam, Surat, and 
Perfia. 

The Chinefe call it tfe’hi. The word porcelain is but 
little known there { acept among a few workmen and mer. 
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chants ; and Teems derived fron) the Portuguefe, porcelana^ 
a cup* 

Scaliger and Cardan, though generally of contrary fenti- 
ments, arc yet agreed, that what the Romans called vafa 
murrhtna^ murrtna^ and murrea-, which were firll Teen at 
Rome in Pompey’s triumph, and afterwards becanu' fo very 
precious, were the porcelain of our times. 

This may be true ; but if the opinion he only founded on 
Pliny’s defcriptioii of thofe vefTels, one would rather take 
them to have been made of a kind of precious Hones, of a 
wdiitifli colour, but variously veined and variegated, found 
in fome parts of Parthia. Oriens iniirrhina inittit, &c. 
Plin. Hilt. Nat. lib. xxxvii. cap. 2. See Muruhink. 

Be this as it will, it is certain, that both Cardan and 
Scaliger are millaken when they tell us that porcelain is 
made of eggs and fea-fhells, beaten fmall, and buried 
under ground for eighty or one hundred years. The ac- 
count we lhall here give will put that matter out of all 
queftion. 

It is not known who was the inventor of porcelain ; the 
Chinefe annals, which commonly contain every thing in any 
refpeft memorable, are perfe6lly filent about it ; nor do w'e 
know much more of the time of its invention : only it is cer- 
tain it mull have been before the beginning of the fifth cen- 
tury, the annals of Fcou-leam relating that from the fecond 
year of the reign of the emperor Tam, about the year of 
Chrift 442, the workers in porcelain of that province had 
alone furnilhed the emperors with it. 

Porcelain is now made cliiefly, feme fay wholly, at King- 
te-tching, a large and populous village near Jao-tchcou, in the 
province of Kian-gfi. Sec King-te-tching. 

There is fome indeed made in the province of Quang-tong 
and Fo-kien ; but it is of little account, being far inferior 
in beauty and value to the porcelain of King-te-tching. 
That of Fo-kien is perfe^ily white without either glofs or 
painting. Attempts have been made to remove the manu- 
lafturc from King-te-tching to Pekin, and other places, but 
in vain ; the porcelain made in the new manufactories never 
coming up to that of the old ; fo that King-te-tching has the 
honour or fupplying the greatell part of the world with this 
commodity. F. dii Halde allures us, that even the Japanefe 
come to China for it. 

There is a current opinion among the Chinefe themfelves, 
that the porcelain ware of former times was greatly fuperior 
to that which they make at prefent ; and that the burying 
cliina in the earth for a long time adds to its beauty ; but afi 
this is founded on error. Tlie truth is, that our merchants 
beat down the price of the ware, and thereby compel them 
to make a worm kind in general ; but they are able to do as 
fine things now as ever. What gave birth to the opinion, 
that burying porcelain ware made it good, was, that finer 
pieces than ordinary are fometimes found buried. Thefc arc 
all precious vafes, which the polfelfors buried by way of fecu- 
rity in tlie times of civil war ; and it is no wonder, that there 
are none but of the finell kind found buried on thefe occa- 
fions. 

Porcelain, Mmufadure of. Porcelain makes a very 
curious article in commerce, and not lefs fo in natural hil- 
tory. Its manufacture for a long time paffed as a myftery in 
Europe ; and that in fpito of all the endeavours of the 
.Tefuit miflionarics to penetrate into the fecrct. The veil, 
however, was at length drawn : and in a letter of F. d’En- 
trccoUes to F. Orry, from Jauchew, dated September i, 
1712, and publilhed in French, the whole procefs is deferibed 
in all its circumllances ; with an extrad of which we lhall 
here gratify the curious reader. In the manufa6lure of porce- 
lain there are four things to be confidered, viz. the mat- 
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ter it is made of ; the art of forming the veflels, and other 
works ; the colours with which it is painted ; and, laftly, 
the bilking or giving it the proper degree of fire. Each of 
which will make the fubje£l of a feparate article. 

Porcelain, MaUriah of. There are two kinds of 
earths, and as many kinds of oils, or varnilhes, uM ir. the 
compofition of porcelain. The firfl earth, called kaolin^ 
(which fee,) is intermixed with different corpufcles j the 
fecond, called petunfe^ or pet imtfe^ (which fee,) is a plain 
white, but exceedingly fine, and foft to the touch. They 
are both found in quarries twenty or thirty Icagirs from 
King-te-lcliing ; and hitlier thefe earths, or rather Ilcnes, 
are brought in a number of little barkt, inceffantly palTing 
up and down the river of dao-tcheou for that piirpofe. 
The petuiifes are brought in form of bricks ; having been 
fo cut out of the ciuarries, where they are naturally pieces 
of a very hard rock. The white of the bell petunfe is to 
border a little on green. 

TJie firii preparation of thefe bricks is, to break and 
pound them, firft into a coarfe powder with iron mallets, 
then in mortars with pelllcs that have Hone lieads, aniied 
with iron, and wrought cither with the hand, or with 
mills. 

When the powder is rendered almofl impalpable, they 
throw it in a large urn full of water, ftirring it brifl^ly about 
with an iron inltrumcnt. After the water has refted a little 
while, they fltim oft' from the top a white fubftance formed 
there, of the thicknefs of four or live fingers, and difpofe 
this feum or cream in another veffel of water. They then 
ftir again the water of the firft urn, and again flcim it, and 
thus alternately, till there remain nothing but the gravel of 
the petunfes at bottom ; whicli they lay afrelh under the 
mill, for a new powder. 

As to the fecond urn, in whicli are put the fkimmings of 
the firft, when the water is well fettled, and become quite 
clear, they pour it off ; and with tljc fediment, colleded at 
bottom in form of a paftc, fill a kind of moulds : whence, 
'when almoft dry, they take it out, and cut it into fquare 
pieces, which are what they properly call fquare petunfes ; 
referring them to be mixed witli the kaolin in the propor- 
tion hereafter alligned. 

Thefe fquarcs are fold by the hundred, hut it is very rare 
to meet with them unfalfificd ; the workmen, who, like the 
reft of the Chinefe, are arrant knaves in their dealings, ufually 
mixing refufe along witli them ; fo that they are commonly 
obliged to purify them before they can be employed. 

The kaolin, which is the other earth ufed in porcelain, is 
muchfofter than the petunfe, when dug out of the quarry ; 
yet it is this, which, by its mixture with the otlu*r, gives the 
ftrength and firmnefs to the work. F. d’Entrecolles ob- 
ferves that fome Englifti or Dutch, having procured fome 
petunfes to be bought privately ; upon their attempting to 
make porcelain at their return into their own country, could 
not fucceed for want of taking kaolin along w’ith it ; W'hich 
the Chinefe being apprifed of, faid, hiimoroufly, “ That the 
Europeans were wonderful people, to go about to make a 
body, whofe flefti was to fuftain itfelf without bonct.’’ 
The mountains whence the kaolin is dug, are covered with- 
out-fide with a reddifti earth. The mines are deep, and the 
matter is found in glebes or clods. The author is of opinion, 
that the white earth of Malta is not much different from the 
kaolin, except that it wants the filvcred particles. The pre- 
paration of kaolin is the fame with that of the petunfes, ex- 
cept that the matter being lefs hard, lefs labour is rt^uircd. 

The oil or varnifh, which makes the third ingredient in 
porcelain, is a whitifh liquid fubftance ; this is drawn from 
the bard itone> of which the petunfes are formed; that 
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which h the whiteft, and whofe ftains are the greeneft, being 
always chofen for this purpofe. The manner of preparing 
the oil is thus : the petunfes, being waihed, undergo the 
fame preparations as for making the fquares ; excepting that 
the matter of the fecond urn is not put in moulds, but the 
fineft part of it taken to compofe the oil. To a hundred 
pounds of this matter they call a mineral ftonc, called Jhekau^ 
or kekaoi refembling our alum ; this Hone is firft heated 
red-hot, and thus reduced in a mortar into an impalpable 
powder ; and ferves to give the oil a confiltcnce ; which, 
however, is ftill to be kept liquid. 

The oil of lime makes the fourth ingredient ; the prepa- 
ration of which is much more tedious and circumftantial. 
They firft diflblve large pieces of quick-lime, and reduce it 
to a powder, by fprinkling water on it ; on this powder 
they lay a couch of dry fern, and on the fern another of the 
flaked lime, and thus alternately, till they have got a mo- 
derate pile ; which done, they fet fire to the fern ; the whole 
being confumed, they divide the afhes that remain on new 
couches of dry fern ; fetting them on fire as before. And 
this they repeat five or fix times fucccfiivcly, or even more ; 
the oil being ftill the better, as the afhes are oftener burnt. 

In the annals of Foou-leam it is faid, that inllead of fern 
they anciently ufed the wood of a kind of medlar-tree ; and 
that it was this gave the ancient porcelains that admirable 
hue, which the moderns cannot come up to for want of that 
wood. But this is become fcarce in the country, and is no 
longer ufed. It is certain, however, the quality of the fern 
and lime contribute very much to the goodiiefs of the oil. 

A quantity of thefe afhes of fern and lime* is now thrown 
into an urn full of water ; and to a hundred pounds of afhes 
is added a pound of fhekau, which diflblves therein. The 
reft being performed after the fame manner as in preparing 
the earth of the pecunfes, the fediment found at the bottom 
of the fecond urn, and which is to be kept liquid, is what 
they call the oil of lime ; which the CUinefe elleem as the foul 
of the former oil, and which gives the porcelain all its 
luftre. 

This oil is eafily fopliillicated by adding water to incrcafe 
the quantity ; adding, at the fame time, proportionably of 
the fame fhekau to maintain the confiftence. Ten meauircs 
of oil of petunfe ufually go to one of lime. To have the 
mixture juft, the two oils fhould be equally thick. 

Porcelain VeJfeUy forming of. The firft thing is to pu- 
rify the petunfe and kaolin ; which, for the firft, 10 done 
after the manner already deferibed in preparing the fquares. 
For the fecond, as its loftnefs makes it diliolvc ealiiy, it is 
fufficient, without breaking it, to plunge it in an urn foil of 
Water in an open bafket. The dregs that remain are per- 
fc 6 Uy ufelefs, and are emptied out of the work-houfe when 
a quantity it gut together. 

The workJioufea arc properly vaft yards walled round, 
with fheds and other conveniencies for the workmen to 
work under ; as well as other buildings for them to live in. 

It is aln\oft inconceivable what number of perfous are em- 
ployed in thefe works ; there being fcarce a piece of porce- 
lain but pafles through above twenty hands, before it comes 
to the painter's w^ork-houfe ; and above fixty before it be 
brought to perfection. 

To make a juft mixture of petunfe and kaolin, regard 
muft be had to the fiuenefs f)f the porcelain to be made ; for 
the finer porcelains, they life equal quantities j four parts 
of kaolin to fix of petunfe, for moderate ones ; and never 
lefs than one of kaolin to three of petunfe, for the coarfeft. 

The hardeft part of the work is the kneading and tewing 
the two earths together ; which is done in a kind of large 
bafonSf or pits, well paved, and cemented, in which the work- 
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men trample continually with their feet, relieving one 
another, till the mafs be well mixed, grow hard, and become 
ot the confiftence required to be ufed by the potter. 

The earth, when taken out of the bafons, is kneaded a 
fecond time, but piece-meal, and with the hands, on largv 
Bates for the purpofe ; and on this preparation, in cfEeft, it 
19, that the perfeftion of the work depends ; the lead hete- 
rogeneous body remaining in the matter, or the leaft vacuity 
that may be found in it, being enough to fpoil the wjiole. 
The fmalleft grain of fand, nay, fometimes a fingle hair, fhall 
make the porcelain crack, fplinter, run, or warp. 

The porcelain is fafhioned or formed either with the 
wdieel, like our earthen ware, or in moulds. See Pottery. 

Smooth pieces, as cups, urns, difhes, 8cc. are made with 
the wheel. ^ The reft, /. e, fuch as are in relievo, as figures 
of men, animals, 6cc. are formed in moulds, but finifhed with 
the chiffel. 

The large pieces are made at two operations ; one half of 
the piece is raifed on the wheel by three or four workmen, 
who hold it till it have acquired its figure ; which done, they 
apply it to the other half, which has been formed in the 
fame manner ; uniting the two with porcelain earth, made 
liquid by adding water to it, and polilhing the junAure with 
a kind of iron fpatula. 

After the fame manner it is that they join the fcveral 
pieces of porcelain formed in moulds, or by the hand ; and 
after the fame manner they add handles, &c. to the cups, and 
other works formed with the wheel. 

The moulds are made after the manner of thofe of our 
fculptors ; •viz. of divers pieces, which fcverally give their 
refpedtive figure to the fcvcral parts of the model to be re- 
prefented ; and which are afterwards united to form a mould 
for an entire figure. The earth they are made of is yellow 
and fat, dug out of its proper quarries, of whicli there is 
abundance about King-tc-tching. It is kneaded like pot- 
ters* earth, and when fufticiently mellow, fine, and mode- 
rately dry, beating it ftoutly, they form it into moulds, ac- 
cording to the works required, either by hand, or on tlie 
wheel. Thefe moulds arc f<dd very dear, but they laft a 
long time. 

AH the works made in moulds an* fimflied by the hand, 
with fevcral inftruments proper to dig, fmooth, polifii, and 
to touch up the ftrokes that cfcape the mould ; fo that it it 
rather a w»rk of fculpture than of pottery. There arc fome 
works on whicli relievos are added, ready made, as dragons, 
flowers, 5cc. others that have imprefiions in creux ; which 
laft arc engraven with a kind of puncheons. In the general, 
all porcelain works are to he flieltercd from the C(dd, their 
natural humidity making them liable to bi*cak when they 
dry tinequally. 

To conceive the number of hands each piece of porcelain 
pafles through before it is pcrfedl, we fhall clofe this article 
with what F. d’Entrecolles inftances of a common tea-cup, 
before it be fit for the painter. The cup begins with the 
potter, who has the management of the wheel, where it ac- 
quires its form, height, and diameter. This operator has 
only three farthings ftcrling for a plate furnillied with twcutv- 
fix cups ; accordingly, they go out of his hands exceedingly 
imperlcA, efpccially towards the feet, which are only un- 
formed lumps of earth, to be afterwards cut with a chilTel, 
when the cup is dry. When it comes from the wheel, the 
cup is received by a fecond workman, who fits it to its bafe. 

A third tJtkes it immediately from him, and applies it on a 
mould. If )ring it to its true form. This mould is on a kind 
of lathe. A fourth workman poliflies the cup with a chiflel, 
efpccially about the edges ; and brings it to the tliinnefs ne- 
ceflary to make it traniparent ; in doing whicli, he moiftena 
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it from time to time, left its drynefs fhould make it break. 
When of iu proper thickiiefs, another workman turns it 
gently on a mould, to fmooth its infidc ; taking great care 
that it be done equably, left any cavity be formed, or it 
warp. Other workmen add fome ornaments in relievo; 
others, impreftions in creux ; others, only handles ; as the 
quality of the cup requires. At laft, they round and hollow 
the foot on the infide with the chiil’el ; which is the function 
of a particular arlift, who does notliing clfc. 

This multiplicity of workmen is fo far from retarding the 
work, that it is found, by experience, to go on the fafter for 
it ; as well as to be the bettor done ; each workman, by a 
continual attention to the fame thing, becoming very dex- 
terous at it ; befides faving the time of changing inftruments, 

Porcelain, Painting of- The Chinefe painters, cfpe- 
cially thofe that meddle with human figures, our author oh* 
ferves, are all bad workmen ; he adds, that the dcfc6t is 
fcarccly any where fo fenfihle as in tfic vvhapcy, or porcelain 
painters, among whom, fetting a fide flowers and landfcapcs, 
which are foinctimcs tolerable, tlie greateft mafters arc not to 
be compared to ordinary apprentices among the Europeans, 
for the beauty and juftnefs of defign. But it is otherwife 
with the colours thefe whapey ufe ; which are fo exceedingly 
lively and brilliant, that there are but little hopes our work- 
men fhould ever come to vie with them. 

The painting work is dillributed among a great number of 
workmen, in the fame laboratory : to one it belongs to form 
the coloured circle about the edges of the porcelain ; an- 
other traces out flowers, which another paints : this is for 
waters and mountains alone ; that for birds and other ani- 
mals ; and a third for human figures. 

Tliere are porcelains made of all colours : both witli re- 
gard to the grounds, and to the reprefentations upon them. 
As to the colour of landfcapcs, 5cc. fomo are fimplc ; 
fucli arc all blues, whicli are thofe molt ufually feen in Eu- 
rope ; Olliers are mixed up of feveral tints ; and others, again, 
are heightened with gold. 

The Cliincfe, for a great many ages, ufed only white porce- 
lain. The firll colour they employed was blue, and after 
that they came into the ufe of all the reft. Their ancient 
blues were prepared by themfelves f*'om a kind of lapis la- 
zuli ; but we now fupply them with the fmalt fo much 
che.iper, that it is no longer worth their while to make it 
themfelves. They ufed to prepare this only by giving a 
gentle calcination to the (lone, and then beating it to powder, 
and grinding it to the utmoft finenefs in mortars of unglazed 
porcelain ware, with peftles of the fame. 

The fine deep blue of the old porcelain ware of China is 
much valued by the curious ; and it is much lamented, that 
the fume colour is not ufed at this time. The art feems at 
prefent to be loft ; but perhaps it might be recovered by 
trials. 

It is certain that the Chinefe have cobalt among them, and 
very probably they ufed a blue colour prepared from this, 
before they had any commerce with us : notwithftanding all 
the coiijeaureg about their materials for colouring, this 
feems the moft probable fubftance ; and there is a way of 
preparing a colour from this, much fuperior to that now in 
ufe, which wc call fmalt. 

Cobalt is a mineral containing arfenic, and a blue vitri- 
fiable earth. The common way of preparing fmalt is, by 
roafting this cobalt in a reverberatory fire. This difpofes it 
to vitnfy, and drives off the arfcnic it contains in fumeg, 
which, colleded at the top, form true flowers of arfenic. 
It is very certain, however, from experiments, that if this 
arfenic could be preferved in the cobalt, the fmalt would be 
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of a much finer colour ; for there are fome kinds of cobalt 
which yield fmalt without previous roafting ; and as the ar- 
fenic is in a great meafure contained in thefe, the fmalts are 
much finer coloured. 

Arfcnic added to fmalt, while in fufion, greatly exalts its 
colour alfo ; and there is a way of procuring bnalt from 
cobalt without fire, only by diffblving it in ati acid, and 
precipitating that folution with oil of tartar. The fmalt 
thus precipitated to the bottom, is of a much finer colour 
than any prepared by fire ; but it is much more expenfive, 
and prepared in Icfs quantity. It is very pofllble that the 
Chinefe might have the art of making this kind of fmalt be- 
fore they knew us, and that to this was owing the fine 
blue of their porcelain ware : but when we trafficked 
with them, and they purchafed fmalt fo much cheaper 
of us than they could make it themfelves, they naturally 
difeontinued the maniifadture of their own finer kind, with- 
out coniklering how greatly inferior the colour was which 
the other yielded. If this be the cafe, it will be eafy to 
revivL^ this art, and the adding the true old china blue to 
our European manufadfurcs, in imitation of porcelain, may 
give them a value which they have not at prefent. 

The red, w'hich the Chinefe ufe, is made of our green 
vitriol, or common copperas, which they call tfafan. They 
put about a pound of this into a crucible ; and lute on this 
another crucible inverted : this lall has a hole cut in the top, 
wliich they keep covered or open at pleafurc. They fet this 
crucible in a furnace of bricks, fo contrived, as to throw all 
the flame upon the lower veflel, in the way of our chemifts* 
reverberatory' furnaces. They make a large fire of charcoal 
all round it, and obferve the hole at the top ; for fo long as 
there afeend thick black fumes through that, the matter is 
not fulliciently calcined. They watch the going off of this 
fume, and when there appears in the place of it a fine and 
thin cloud, they take away the crucible, the matter being 
then fufliciently burnt. They try this, however, by taking 
a little out, and examining the colour ; if it is not fufliciently 
red, they let it remain longer in the fire. When they find 
that it is of a good colour ; they take away the fire, and 
leave thf vefl'els to cool ; this done, they find a cake of red 
matter at the bottom of the crucible, and a quantity of a 
finer powder about its fides. They keep thefe feparate, 
the latter being the pureft, the fineft, and the brighteft 
colour. 

One pound of copperas affords about four ounces of this 
colour, and this is the red which they manage in different 
(hades, and vary fo much. See Blown Red. 

The Chinefe have alfo a white colour, which they ufe in 
their figures painted on the china : the ware itfelf is natu- 
rally white, and the varnifh, or oil of ftone, is a great addi- 
tion to its whitenefs all over. But they have yet a way of 
making a much brighter and finer wliite than thefe, as may 
be feen in moft of the fine china-ware, where there is any 
white in the figures. This white is made in the following 
manner ; they collect on the (horcs of their rivers a fort of 
flint or agate, which is of a whitilh hue, without veins, and 
tolerably tranfparent. It approaches very much to the na- 
ture of cryftal, and probably cryftal maybe found to fupply 
its place with us. They calcine this ftone to a white pow- 
der, and to every ounce of this, when ground in their porce- 
lain mortars to an impalpable finenefs, they add two ounces 
of ccrufs in fine powder ; this they mix with the varnifh, and 
lay on in the common way of other colours. This white 
mixture ferves not only for the colouring white, but it it the 
bafis of feveral other of thofe beautira colours which we 
fee on the chiiia-w'are, and which our manufacturers have 
been often perplexed what to make of* Their green colour 



PORCELAIN 

is made of copper rufted with acid ; and their fine deep vio- 
let colour is made of this g^reen, by adding to it a due pro- 
portion of this white. It is not to be fuppofed that tlmef- 
seGt is produced according to the common laws of mixing 
colours among our painters, for then the white and green 
would only make a paler green. But copper being a metal 
that as well gives a fine blue as a fine green, according to 
the nature of the fubftances it is mixed with, the white in 
this cafe alters the very nature of the green, and converts it 
into that fine and deep violet blue, which we may draw from 
copper by means of any of the volatile alkalies, fuch as fpirit 
of ml ammoniac, fpirit of hartlhorn, fpirit of urine, or any 
the like liquor. The workmen know how to bring this 
blue to any degree, by putting in different proportions of 
the two colours. There is not any admixture of them, that 
will not produce a blue of fome kind j but always the more 
of tlie green colour is ufed, the deeper the blue will be, 
and the lefs the paler. The yellow is made of an admixture 
of feveral drachms of this white, and three drachms of cop- 
peras, or more if they defire the colour to be deeper. 

Moll of thefe colours are mixed with gum water, for ap- 
plication ; with a little falt-petre, fometimes cerufs, or cop- 
peras, but more ufually copperas alon<i, being firll diffolyed 
in the water. Indeed for porcelain, that are to be quite 
red, the colour is ufually applied with oil ; i. e. with the 
common oil of the porcelain, or another made of the white 
flints. 

Thefe colours are laid upon the vefiels when they have 
been once baked, but they do not appear till the fecond 
baking is over in their proper fliadcs or tinges, and fometimes 
fcarcely at all. 

The black china called umiam, is much efteemed in the 
Eaft, and particularly when it is ornamented with gold ; this 
colour lookino- better with that ornament than any other. 
The black is always laid on when the porcelain is firft dried, 
and is prepared by inixiag three ounces of the fine deep 
blue, withfeven ounces of that fine varni/h which they call 
oil of Jionfs, This admixture gives a fine deep black j but 
the proportion is varied, as the colour is defigned to be more 
or lefs deep. Wlien the colour is thoroughly dry, the vef- 
fels are baked, and when this is done, the gold is laid on, and 
the whole is baked again in a particular furnace made for 
jhis purpofe. 

The gold on this ware is never laid on alone, but managed 
in the following manner : they grind it in water to a fine 
powder, and leave it to dry in the (hade ; they then mix 
with every ten grains of gold one grain of cerufs, and in- 
corporating the whole with gum- water, they lay it on in the 
manner of otlier colours. See Gilding of C/jtna-vutrt, 

If they would have the black degenerate into blue, they 
need only add lefs of the blue, and a little of the cerufs and 
agate white before deferibed. They have two peculiar ways 
of applying the red, befides the common one, both which 
require a nice workman, and make the ware come very dear. 
They call one of thefe oils red, and the other llowfi red, 
which is very rare and of great price. 

There is likewife a kind of marbled porcelain, called by 
the Chinefe, who are very fond of it, t/ou tchi. 

It is generally plain white, fometimes blue, and has ex- 
a£tly the appearance of a piece of china which had been 
firft broken, and then had idl the pieces cemented in their 
places again, and covered with the oririnal varnifli* The 
manner of preparing it is cafy, and might be imitated with 
U8. Inftead of the common varnifli of the china-ware, 
which is made of what they call oil of ftone and oil of fera 
mixed together, they cover this with a limple thing made 


only of a fort of coarfe agates calcined to a wliite powder, 
and ieparated from the grolTer parts by means of water, sifm 
ter long grinding in mortars. When the powder has been 
thus prepared, it is left moifi, or in form of a fort of cream, 
wnth the laft water that is fuffered to remain in it, and this is 
uied as the varnifh. Our cryllal would ferve fully as well as 
agates, and the method of peparation is per- 

The occafion of the fingular appearance of this fort of 
porcelain is, that the varpiih never Ipreads evenly, but runs 
into ridges and veins. Thefe often run naturdly into a fort 
of mofaic work, which can fcarccly be taken for the cUM 
of chance. If the marbled china be dcfircd bin-', they 
firft give it a general coat of this colour, by dipping tl;e 
veffel into a blue varnifh ; and when this L thoroughly 
dry, they add another coat of this agate-oil. 8ee Party- 
China, 

There are feveral other kinds of porcelain ; but they are 
fuch as are rather for curiofity than ufe : the prettieft are the 
magic porcelains, whofc colours only appear wlien filled with 
water, or fome other clear liquor. Thefe arc made double ; 
the outfide is white, and all laid out in compartiments ; the 
infide is a folid cup of coloured porcelain ; though the cup 
is fometimes of glafs, which has a belter tiled than 
porcelain. 

The Chinefe called this fort of china-ware kiatftm^ that 
to fay, the concealed blue china. 

The art is now in a great mcafure loft ; but there may be 
fome guefs made as to the niamicr in which it might be done 
at this time. The vcffels which arc to be made in this man- 
ner mull be very thin : the colour muft be laid on in the 
form of fifh, or other animals or figures, on the infide, af- 
ter the veftel has been once baked. After this colour has 
had time to dry, the infide of the veftel muft have a fecond 
coat of the faiiie earth, or ftonc-ware, of which the veftel is 
made ; and over this a varni(h of the common kind. The 
confequence of this will be, that the figures of the fifh, 
in a very ftrong colour, will be buried between two coats of 
the ware, which together form a complete voflel. The 
outfide is then to be ground down almoft to the figures, and 
when they begin to appear, a new coat of the varnifh muft 
be laid over this. The figures will then be obfeure, and 
fcarcely, if at all, perceivable ; but on filling the veftel with 
water, the tranfparcncc of the Tides will be taken off, and 
the liquor will make a fort of foil behind, which will 
throw out the figures of the fifh. This might be done in 
any ware tolerably clear and tranfparent. Idc porcelain of 
China would fuccecd better with it ; but the pains and nicety 
required are too great, and all the attempts lately made by 
them have mifcarried. 

The Chinefe make a great variety of figures on the fur- 
faees of the vafes of white china-ware, and there is one 
kind of this greatly in efteem among them, in which there 
are flowers and other figures ; yet the fnrface is quite 
fmooth, and the fubftance extremely thin. The manner of 
making it is this ; they firft form the veffel of the fined ma- 
terials, as thin as they can j then, when they have polifhed 
it, infide and out, at the wheel, they put into it a damp of 
its own fhape, but cut with all thefe figures : they preft 
this down fo firmly on the yet mold veftel, that the impref- 
fion is received in a very perfeft manner ; and if the fhape of 
the veffel be at all hurt, they take it into the wheel again to 
reftore it. They then finifh it with the knife and feiffare ; 
and when they have made it as perfeft as can be, they cover 
it with the fine white varnifh within and without. This fills 
up all the cavities of the impreffion, and rives a perfedlr 
fmooth and even fiuface ; yet the thicknelii of this varnifh 
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la the traces of the figures gives it a different white, and 
the whole figures are as finely and accurately feeii, as if 
painted on the outfidc. This is an artifice that might eafily 
be brought to bear among us, and feveral of our finer wares 
would make a pretty figure with it. 

There arc many things praftifed by the Chinefe in their 
colouring and forming the feveral kinds of porcelain, which 
may be well brought into ufe among us, and give a new 
value to our own wares, even though we fhould never arrive 
at their art of making the thing itlelf. One kind of colour- 
ing eafily introduced among us, would be what they call 
hoan ion hoan* This produces veflcls of great beauty and 
price, and is done in this manner. The matter of which 
the veffels arc made, for this purpofe, need not be fine ; 
they ufually take any of the common veffels baked, without 
having been varniihed, apd confcquently fimply white, and 
without lullre. When thefe are intended to be of one fim- 
plc colour, they need only be plunged into a liquid varnilh 
of oil, as the workmen there call it, coloured with fuch in- 
gredients as will ftrike the moll lively tinges ; but if it is 
to be coloured in compartiments, as is ufually the cuftoin 
with this fort of china, it is to be done by the pencil. The 
ufual way is to paint thefe in pannels, one green, another 
blue, and fo on, and they make a very agrecaWe appearance. 
There requires no more to this, than the laying on the co- 
lours tolerably thick with a large pencil ; but it the pidlurea 
of animals and plants are to be given, they are to be done 
with the moll permanent colours, and the veffel being again 
well baked, becomes very beautiful. 

The Chinefe, who arc deceivers in every thing, find the 
way of cheating very much in regard to this fort of china- 
ware. They paint the flowers of plants, and feme parts 
of the birds, ^c. in very bright colours, after the veffel has 
been baked. Vermilion is a fine colour, which they often 
add on this occafion ; but they cannot ufe this before the 
baking, bccaufe it would be dellroyed by the fire. Thefe 
colours which are laid on afterwards cannot lall, but foon 
rub off in the wiping, or ufing the things ; the others lall 
for ever ; for they are laid on with the greatell heat of all, 
the veffels being put into the fame furnaces to lay on thefe, 
as the other things are baked in for the firll time. 

Salt-petre, and powder of flints, are generally the things 
added to the colours tlius laid on, to make them penetrate, 
and run properly. Thus, for the fine deep violet colour, 
which makes the greatell figure of all others on this ware, 
they mix together equal quantities of the fine azure, the 
powder of flints and ialt-petre, all firll powdered feparately 
till perfectly fine ; this is tempered with water, and then 
laid on with a pencil, and though it looks rough at lirll, it 
comes out of the furnace of as beautiful a gloliy hue as any 
thing can be conceived. The yellow is ma& by mixing to- 
gether three ounces of cerufs, and three ounces of pow- 
dered flints, and adding three, four, or more drachms of the 
red copperas, till the whole is of the proper degree of 
colour. 

' The white is compofed only of powder of flints and ce- 
rufs, with a fmall admixture of the falt-petrc, or it will 
fuccced tolerably well without. Thefe are all the particu- 
lars neceffary to be obferved for the making a fort of porce- 
lain of great beauty, in which the nature of the ware itfelf 
is not concerned ; that it feems eafy to imitate it with 
any of our own wares. Obf. fur Ics Codtumes de TAfie, 

p. 320, &Cr 

The feveral kinds of porcelains above-mentioned, being 
quite painted, with their leveral colours, and all the colours 
ary, are to be polilhed, to prepare them to receive the oil 
or vamiih $ which is done witn a pencil of very fine feathers, 
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moillencd with water, and palled lightly over, to take off 

even the fmalleft inequalities. 

The oiling or varnifliing is the laft preparation of the 
porcelain, before it be earned to tlie oven : this is applied 
more or lefs thick, and feldomer or oftener repeated, ac- 
cording to the quality of the work. For thin line porce- 
lain, they give two very tliin couches: to others one; but 
that one equivalent to the other two. There is much art in 
applying the varnilh, both that it be done equally, and not 
in too great quantity. The couches on the infide arc given 
by afperfion, u e. by calling in as much varnifli as is necef- 
fary : thofe on the outfidc by immerfion, or by plunging 
the pieces in a veffel of oil. 

It mull be obferved, that the foot is not yet formed, but 
continues in a mere mafs, till the work has been varniihed : 
it is at length finiftied on the wheel, and when hollowed, a 
little circle is painted in it, and fometimes a Chinefe charac- 
ter. This painting being dry, the foot is varniihed, and 
the work now carried to tiie oven to be baked. 

The varnilh they lay on is fo thick, that it often hides 
the colours, till trie baking afterwards brings them out 
again : this is the cafe with the fine deep blues ; we fee none 
on the bell china ; it is all hid under the coat of white, and 
the veffel appears plain, till it has paffed through the fire 
again ; but then the colour appears deeper than when at firll 
laid ou. See Ho ache. 

The china varnifties have been always famous ; the man- 
ner of making which is faid to be as follows : Take crude 
varnilh, fixty ounces ; common water, the fame quantity ; 
mix them well together till the water difappears ; afterward* 
put this into a wooden veffel live or fix palms long, and two 
or three broad ; mix them together with a wooden fpatula, 
for a whole day in the fummer*s fun, for two days if in the 
winter, and alter wards keep it in an earthen vellel, covered 
with a bladder. The water will not feparate again : this is 
called the fun varnilh. 

The oil of wood, called by the Portuguefe azetle de paoy 
ii made in the following manner: Take twenty ounces of 
that oil, which they call oil of wood ; and tf'n drachms of the 
oil of the fruit ; boil thefe a little together, and the oil will 
look yellow ; then lot it cool, and add to it five drachms of 
quick-lime powdered. To make the firll grounds, called, 
camifeca, take fwinc’s blood and quick-lime powdered, ol 
each an equal quantity ; fpread this mixture upon the wood, 
and when it is dry, fmooth it with piimice-llones. 

To make the black varnilh : Take the varnilh prepared in 
the fun, fixty ounces ; Hone black alum (fuppofed to be a 
fort of copperas) diffolved in a little water, three drachms ; 
and feventy drachms of lamp oil, called by th(' Portuguefe* 
a%eile de Candea. Thefe things are all to be mixed together 
in a wooden veffel, putting the lamp oil in at twice, and 
llirring the whole together with a wooden fpatula. 

The pitch-coloured varnilh is made in the following man- 
ner ; Take oil of wood, crude, forty drachms, called da pao; 
of the lamp oil, called da Candea^ crude, forty drachms ; mix. 
them together in the fun in a wooden veffel, in the fame 
manner as the common varnilh and water are ordered to be 
mixed in the firll procefs. 

To make the red varnilh : Take ten drachms of cinnabar, 
twenty drachms of prepared varnilh, and a little lamp-oil ; 
mix them all together. 

To make a yellow varnilh ; Take of the yellow colour ten 
drachma, prcjpared varnilh thirty drachms, a little lamp-oil ; 
mix all together. 

To make the varnilh of a mulk colour ; Take of the red 
varnilh ten drachma, and of the black varnilh four drachma ; 
mix them well together. Phil. Tranf. 261. p. 524^ 
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Thefc are the accounts fent to the ^at duke of Tufcany 
by the Jefuits in China. Dr. William Sherard communi- 
cated them to the Royal Society ; and to render the ac- 
counts ufeful to the world, he prefented them with the feve- 
ral fubftances mentioned ; thefe are depofited in the mufeum 
of the fociety, and may feive as inftruftions to all who are 
curious in this art. 

The Chinefe have of late years difcovered a new kind of 
varnifti for their ware : they call this tfeilnyeou, that is to 
fay, the brownifh gold varnilh ; it is of the colour of the 
brown images, or of what wc call coffee colour. The 
novelty of this has made it much cilocined : it is made in 
the manner of all their other varniflics, by diffolving the 
6ncr part of an earthy fubftance in water. 

The fubftance whicli they make it of is a common yclhivv 
earth: this they clifiolvc in water, and letting :iie coarle 
parts fettle, they pour off the yet thick liquor, and what 
afterwards fubfides from this is the pun* mid fine pait, 
which they ket‘p in form of a foft palfe, or thick cream. 
They ufe this only to the thinnefl. and inofl delicate porce- 
lain ware. 

Thf manner of ufing it is tliis : they mix ^ quant ily of 
this line lodiment v.dth fo much wat<‘r as ivncle^u it thin and 


may lay the hand on 
without danger of 
which is in form of 
vent to the flames ar 
as foot! as fire is once 

aperture, there arc four or live fmall ones around ; which, 
by being opened and Unit, ferve to augment or diniinifh 
the heat ; ^like the holes in the chemifts' furnaces, called rr- 
gifitTs. The hearth, which takes up the whole breadth of 
the oven, IS placed in front, precifely againll the opening 
of the door, and is two or tliree feet deep, and two broad ; 
people palling over it on a plank, to go into the furnace 
to range the porcelain. As fooii as the fire is lighted, the 
door is walk'd up, only leaving an upertuiv for the convey- 
ance of wood. Lallly, the bottom of the oven is covcri:d 
With land, in which part ol tlie lirll porcelain caies are 
buried. The oven itfelf is ufually placed at the (.xtreniity 
of a long, nanow vellibule, which -lervcs in lieu of bellows; 
the cold air and wdnd being thus driven diredtly in the face 
of each oven. 

Each piece of pon'clain of any note, is difpoled in the 
furnace, in its peculiar feparale cafe, or cofliii. Indei'd, 
as to Ua-didies, &c. the lame cafe ferves for fcvi-ral. Tlie 


inem, wnen the fire js at its height, 
burning. At the top of the dome, 
a tunnel, is a large aperture, to give 
id fmoke, which mount up inceflantly, 
’ fet to the oven : befidc the urincinal 


liquid, like the coinnK'.i varnilh : this and tiic common kind 
an' to be iiftd together, fo that CvUc mult b taken that 
they arc nicely of tlie fame degree of thicknefs : this the 
workmen try by dipping a petunfe or brick of their earth 
into both, and ftcing vddcli comfs out moll covered; that 
which lies on the thickcll i^ to be diluted with more water, 
or the other to be hcighieiicd vvit'li more of the earth, to 
bring them to the fame Haiidaid. They arc both judged to 
be fulliciently liquid when they enter the pores of tlie pe- 
tunfe. They then mix fome of the oil of fern alhes and 
lime along with the brown varnilh, and add as much of this 
mixture to the common varnilli as they find upon trial will 
give fuch a colour as is required. The common proportion 
for the brown colour moll elleemed at prefent, is twm pints 
of the brown varnilli to eight pints of the common ; and to 
four pints of this mixture tiny add one pint of the varnilh, 
or oil of fern. It might puz/.le a llranger to their terms, 
to underftand what thefe people meant by oil ; but it is a 
word with them in ufe for any thing liquid ; and they call 
all their varnifltes fo, though made of the powders of earths 
and ftones mixed with water. They apply this vamiflt to 
the veflels by dipping them into it, and fo completely cover- 
ing them iniide and out before they put them into the oven; 
and the baking gives a great brightnefs to the colour. This 
is the niceft part of the whole manufadlurc of the porcelain, 
and other wares of that kind. 

The varniflies ufed by the Chinefe arc two ; the one they 
call oil ef Stones, the other oilofYvMS ; which fee. They 
mix thefc together, and with great camion and delicacy ap- 
ply them to the vcHels all over equally, with a Heady hand 
and a fine pencil. 

PoJicELAiN, Baking or Nealing of. There are two kinds 
of ovens ufed in baking porcelain ; large ones, for works 
that are only ufed to come to the fire once, wliich is the 
common way ; and fmall ones, for fuch as require a double 
baking. 

The large ones aic two Chinefe fathoms deep, and al- 
moft four wide. Hiey arc formed of a. mixture of three 
earths ; one of which, yellow and common, makes the balls; 
the two others are fcarcer, and dug out of deep mines, in 
which people can only work in winter. One of them, 
called lautouy is a very ftrong fliff e^rth ; the otlier, youtcuy 
oily. 

The Tides and roof of tlie ovens are fo tliick, tliat one 


cafes arc all of the fame matter with the ovtu ; they have 
no lids, but ferve each other mutually ; the bottom of 
a fecond cafe fitting into the aperture ol tlie firil ; and thus 
fucccflively to the lop of each column. Each coHin, wlilch 
is ufually of a cylindrical form, that the fire may commu- 
nicate itielf more equably to tlic porcelains inclofed, has, 
at bottom, a little lay of very fine fand, cov(*red over with 
dull of kaolin, that the land may not Hick to the work ; 
and care is taken, that the porcelain may not touch the 
fulcs of the cafe. In the hirger calcs, which hold the fmall 
pieces, they leave the iniddle vacant, in regard porcelains 
placed there would want the neceflary heat. Each of thefe 
little pieces is mounted on a littk* mallive of earth, of the 
thicknefs of two crowns, covered w ik powder of kaolin. 

F, d^Entrccollcs obferves, that tlu- porcelains are put in 
cafes to prevent any diminution of lull re from the loo vio- 
lent cfTcft of a naked fire ; adding, that it is owing to 
lliofe lluck veils, that the b<’auty, or, as he calls it, the 
complexion of the porcelains, is not tanned by the heat of 
the lire. 

As fall as till' caft s are filk'd, a workman ranges them in 
the cavity of tlie furnace ; forming them into piles, or 
columns, of which thofe in the iniddle are, at Icaft, feven 
feet high ; the two cabs at the bottom of each column are 
left empty, becaiife being partly funk in the fund, the Tire 
has the lefs effed on tlicm ; and, for the fame reafon, the 
uppermoll one is left empty. In this manner is the whole 
cavity ol the oven filled with columns, i xcejjting that part 
preeilely under the grand aperture. In ranging the cafes, 
they obferve alw'ays to place the fini’fl piles of porcelain in 
the centre, the co irfi fl at the bottom, and thofe that arc 
high-coloured, aiul eoiilili of much petuule as kaolin, 
and in %vliich the worll oil is ufed, at tlie rr»outh, 

Thefe piles are all jdated wry near one another, ami arc 
bound together at loj>, at bottom, and in the* middle, by 
pieces of earth, in fuch manner as that tlie flame may have 
a free paliage among them, and infinijate equally on all 
Tides ; in which a great part of the workman’s art lies, and 
on which the perh'dion of the pon elain much depends. 
Another thing to be obferved is, that an oven mull Mever 
be fet altogether with now coffins ; but half one, lialf the 
other: the old ones at the bottoms and tops, of the pile, 
and the new ones in the middle. Indeed it were better to 
have them all burnt in an oven apart, before they come to 
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be ufed for porcelain, as was anciently done. The cafes, 
our author obferves, are brought ready prepared from a 
large village on the river, a league diltant from King-te- 
tching. Before they are burnt, they are yellov/ ; and after- 
wards of a dark red. 

When the oven is filled, they wall up the door, only leav- 
ing a fmall aperture for the throwing in of litth- pieces of 
wood, a foot long, but very flendcr, to keep up the fire : 
it is then heated by degrees for the fpace of a day and 
night ; after which, two men, who relieve one another, 
continue to throw in wood without any intermillion. To 
know when the porcelain is baked enough, they open one 
of the leffer holes of the oven, and with a pair of tongs 
take off the lid of one of the piles. If the lire appears 
very brifk and clear, and the piles equally inflamed, and 
efpecially if the colours of the porcelain, that is uncovered, 
dart forth a noble luitre, the coition is fufficient ; they dif- 
continue the fire, and wall up what remained of the door 
of the furnace. 

If the oven be only filled with fmall porcelain, they take 
them out twelve or fifteen liours after the fire is extin^ : 
if it be filled with larger, they defer opening it for two or 
three days. In this the modern practice differs from the 
ancient ; in which the door was not opened till after ten 
days for the large pieces, and five for the fmall ones. One 
thing very furprifing, and almoft inconceivable, F. d’Entre- 
colles oblcrves, is, that there are never found any afties on 
the hearth of the oven, what quantity of wood foever is 
confumed. He adds another thing, which with him paffet 
for equally flrange, that the workmen employed about the 
furnaces, flake their thirft by continually drinking hot tea, 
with fait diflVdved in it. 

The Chinefe make another kind of porcelain, which they 
paint and bake twice ; and for this fecond baking they have 
a kind of little ovens on purpofe. Thefc ovens, when very 
fmall, arc made of iron ; or othcrw'ife of a kind of bricks 
an inch thick, a foot high, and half a foot broad, made of 
the fame earth with the porcelain cafes. The biggeft of 
thefe ovens do not exceed five feet in height, and three in 
diameter ; and being made much in form of bee-hives, the 
bricks are arched a little, to form the curvity the better. 
The hearth is of earth half a foot high, formed of two or 
three ranges of bricks ; and on this maflivc is the oven 
built. Around the oven, at the diftance of .about half a 
foot, is raifed u (hell of common bricks, joined to the oven 
itfclf by a kind of arcboutant of earth, which ferves to 
ttrengthen it. They ufually build four or five of thefe 
ovens at equal diffanccs from each other. At the bottom 
of the (hell are holes to give air to the fire when lighted : 
at top is an aperture, which they cover up with a piece 
of the baked earth, when the porcelains are laid in the 
oven. 

The porcelains here arc not inclofcd in coffins, as in the 
common ovens ; the oven itfclf ferving that purpofe, and 
being fo exaAly clofed, that they receive no other impref- 
fion of the fire, but that of the heat of the charcoal dif- 
pofed in the hearth, at the bottom of the oven, as well as 
at top of the vault, and in the interval between the oven 
and the fhell, or brick-wall. 

To prepare the porcelains for a fecond baking, they 
muft have had their varnifli in the common manner, and 
have paifed the great oven : in this Hate they are painted 
with various colours, after whicli, without giving them any 
new varnifli, they are ranged in piles in the little oven ; 
fetting the little ones over the larger, in form of pyramids. 

The Chinefe are Vvry artful in their difpofitioii of thefe, 
arranging them in the mod compaA manner, and putting 
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the little ones within the great ones ; but great care is alfo 
ueceffary, that the vclfels do not touch one another in the 
parts where tliey are painted, for the confequence of that 
would be the fpoiling of both veffels, as the colours would 
run together. The bottom of one veflel may generally be 
placed on the bottom of another, though both are painted, 
hecaufe the rims are not painted, and they keep the painted 
parts from touching one another. High and narrow vcflels, 
filch as chocolate-cups, and the like, are very troublefome 
on this occafion. The method the Chinefe workmen take 
with them, is this ; they place a range of them, fo as to 
cover the wliole bottom of the furnace, and they cover this 
with a thin bed of broken china-ware, over which they 
place another row of the cups, and fo on to the top, where 
they lay on no covering ; they never bake any thing elfe 
with thefe cups, when they are of this kind of twice-baked 
porcelain. 

This fecond baking is fometimes intended to preferve the 
luftre of the colours the better, and at the fame time to give 
them a kind of relievo ; but more ufually its defign is to 
hide defe^Iive places, by covering them over with colours j 
hut the artifice is eafily found out, by paffing the hand over 
them. 

When the workman judges his porcelains enough baked, 
he takes off the piece that covers the aperture ; takes out 
the charcoal ; and, when the oven is cold, the porcelain is 
fo too. 

How beautiful foever the modern porcelain may be, the 
tafte for antiquity, which reigns in China, as well as in 
Europe, gives the ancient porcelain a value far above that 
of the modern. 

It muff be owned, the ancient feems finer as to the mat- 
ter, more perfeiil as to the baking, and of a more pleafant 
caff, both as to the white of the ground, and the other 
colours ; yet it is certain, tlic moff able and difeerning may 
be deceived in it ; and there are workmen who make it 
their bufinefs to counterfeit the ancient porcelain, called 
kuton^y in the modern. 

The matter of the falfe kutong is a foft and yellowifh 
earth, found near King-te-tching, There is nothing parti- 
cular in the firft part of the procefs, except that tliey are 
made thicker, and that tliey are varniflied with an oil drawn 
from the ycllow-ftone, mixed witli the common oil, which 
gives them a kind of fea-green hue. When taken out 
of the oven they throw it into a fatty broth, made of 
capons, 8cc., in which they boil it a fecond time ; they 
then bury it in the filthieft fink they can find, for a month 
or fix weeks, or more, according as they would give it the 
greater appearance of antiquity. Befidcs their tliickncfs, 
and their colour, thefe falfc antiques refemblc the true ones 
in this, that they do not refound when ffruck, nor ever, 
give the leaft buz wlien held to tlic ear. 

Notwithftanding the vaff quantity of porcelains made in 
almoff all the provinces of tlie empire of China, they ffill 
continue very dear, though not near fo dear as anciently. 
The Chinefe annals tell us of times, in which a finglc urn coft 
ninety or a hundred crowns on the fpot. What chiefly 
occalions the extraordinary price of this commodity, efpe- 
cially in Europe, is, befide the great profits of the mer- 
chant in Europe, and their faftors in China, that it rarely 
happens an oven fucceeds throughout ; that it is frequently 
quite fjpoiled, fo that upon opening it, in lieu of fine porce- 
lains, 18 found a hard unformed mafs, into which both 
the porcelains, and their coffins, are converted, either by 
excefs of heat, or fome ill qualities in the matter. 

Another reafon of the dearnefs of porcelain is, that the 
ingredients it is made of, and the wood with which it 
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18 burnt, grow more and more fcarce. One may add a 
third reafon for the exceffive price of porcelains to the 
Europeans ; and it is this ; that moft of thofe font to 
Europe are formed on new models, frequently very capri- 
cious, and difficult to fuccecd in ; which yet for the fmalleft 
defers are turned on the manufadlurer's hands ; and he, 
not being able to difpofe of them to the Chinefe, bccaiife 
not to their tafte, nor to their ufe, isS forced to charge 
the* porcelain he delivers the higher, to pay himfelf for 
thofe refufed. 

The art of making porcelain is one of thofe in which 
Europe has been excelled by oriental nations. Howe ver, 
earthen-wares hare been made, for fevcral years pali, in dif- 
ferent parts of Europe, fo like the oriental, that they liave 
acquired the name of porcelain. The firfl European porce- 
lains are faid to have been made in Saxony and in France ; 
and afterwards in England, Germany, and Italy; all of 
which differed from tliofe of Japan and China, but each 
poffeffing its peculiar charadler. The firlt perfon, wdio 
icems to have made this manufadlurc the objed of fcientilic 
attention, was M. Reaumur ; and he communicated his re- 
fearches in two Memoirs to the Academy of Sciences, in 
1727 and 1729. Having broken pieces of the Japanefe, 
Saxon, and French porcelains, he examined the difference 
of their grains or internal ftrufture. The grain of the .la- 
panefc porcelain appeared to him to be fine, clofe, compad, 
moderately fmooth, and fomewhat (hining. The grain of 
the Saxon porcelain was found to he ftill more compad, 
not granulous, fmooth, and fliining like enamel. And the 
porcelain of St. Cloud liad a grain much lefs clofe and fine 
than that of Japan, fliining little or not at all, and refeinbling 
the grain of fugar. In order to determine their difference 
Hill farther, he expofed them to a violent heat ; and found 
that the Japanefe porcelain was unaltered by the fire, and 
all the European porcelains were melted. This effential 
diflerence fuggefled to him the moft juft and regular idea, 
that has yet been formed of the porcelain or china-ware, 
•VIZ. that It is a half vitrified fubftance or manufadure, in a 
middle ftate between the common baked carthen-wafe of 
our vulgar manufadturcs, and true glafs. This is the ef- 
fential and diftindive charader porcelain ; and it is only 
by confidering it in this light, that we arc to hope to arrive 
at the perfc6t art of imitating it in Europe. 

The determining the due degree of heat for the baking 
the china-ware, and the finding out the proper time it 
(hould remain in that heat, arc two very effential points in 
the manufadure of this elegant ware. Perhaps our Englifli 
attempts to imitate it would be brought nearer the perfec- 
tion we are aiming at, by a juft regard to thefe particulars, 
than by many other lefs material articles, about w'hich we 
ffcm more folicitous. 

This attempt is to be made on thefe principles in two 
different manners: the one by finding fome appropriated 
matter on which fire ads with more than ordinary ftrength, 
in the time of its paffing from the common baken ftate of 
earthen-ware into that of glafs. The other is to compofc 
a pafte of two fubftances reduced to powder; the one of 
which (hall be of force to refill a very violent fire, fo as not 
to become vitrified in it j and the other, a matter very eafily 
ritrifiable* 

In the firft cafe, the matter is to be taken out of the fire 
at the time when it is imperfedly vitrified ; and in the 
Other, the compound mafs is to remain in the furnace till the 
one fubftance, which is the more ealily vitrifiable, is truly 
vitrified } and being then taken out, the whole will be what 
porcelain is, a fubftance in part vitrified, but not wholly fo. 

The firft method is that by which the European porcelain 


has generally been made ; and though that of St. Cloud, 
and lome other places, lias been very beautiful, yet it is al- 
ways eafy to diilinguifli even the fineft of it from the china- 
ware, and the nature of the two fubftances appears evidently 
diftercut; thefe owing all their beauty to their near ap- 
proach to vitrification, are made to endure a long and violent 
hre, and are taken from it at a time when a very little 
longer conilHuance would have made them perfed glafs ; 
Oil the contrary, the china-ware being made of a pafle, 
part of which is made of a fubftance in itfclf fcarcely noffiblc 
to he vitrified, bears the lire in a yet much more iiitenfe 

degree than ours, and is in no danger of running wliolly into 
glafs from it. o j 

The two fubftances iifed hy the Chinefe are well known 
by the names of priunfe and kaoUn; and on examining thefe, 

It appears very evident tliat we have in Europe the very 
fame fubll.uices, or at leaft fubftances of the very fame na- 
ture, imd capable of being wrought into a porcelain < qually 
heautitul and fine. Mem. Acad. Scienc. Par. 1739. See 
Kaolin and Pktljnse. 

Thefe arc the two different femi-vitrifications, on one or 
other of which all the European manufadures have hitherto 
been founded ; and it is eafy from the knowledge of thefe 
principles to determine, on breaking a piece of the cliina of 
any of our manufadurers, by which of the two proceffos it 
is made. If it is made bv feizing the lialf-vitrihed mafs of 
a fubftance, which would foon after have been wholly 
vitrified, then the putting it in a crucible, into an equal de- 
gree of fire, will foon turn it wholly inl» glafs. This is 
the cafe of moll of our European porcelain ; but if it be 
made of two ingredients, the one of which is not vitrifiable, 
or at leaft not by fuch fires, then the matter will melt, but 
will not vitrify. This is the cafe with the Chinefe porce- 
lain, which if kepi in fufion a long time, yet when cold is 
china-ware ftill ; fo that this is evidently made of two fuch 
different ingredients. 

Befides thefe methods, there is yet another, of late in- 
vention, wliich makes a very beautiful china ; and which, 
if it does not afford velfcls equal to thofe of china, yet w ill 
afford them nearly approaching to tliofe, and at a con- 
fiderably fmaller price. This method confiils in reducing 
glafs to china. See GLASs-Forrr/«in. 

Macquer, the author of the Chemical Didionary, ob- 
ferves, that M. Reaumur has erroneoufly confounded the 
Saxon porcelain with the otlier fuJiblc porcelains iu Europe. 
For thougli it contains, as every porcelain does, particularly 
that of China and .Japan, a fufible fubftance, which has 
been completely fufed in the operation of baking, and to 
which it owes its dcnfity and internal luftre ; yet it contains 
alfo a large quantity of a fubftance abfoliitcly infufible, from 
which it receives its admirable whitenefs ; its firmnefs and 
folidity, during the baking, fupplying tlie place of the 
oriental kaolin, and contradiiig its dimcnfiens in a con- 
fiderable degree, w'hile it incorporates with the fufible fub- 
ftance. He has adually found, that this porcelain cannot 
be fufed, unlefs by a fire capable alfo of melting the bell 
.Tapanefe porcelain. And he obferves, that it is fuperior to 
the oriental in the fmoothnefs, luftre, and lefs granulous 
appearance of its internal furface. The manufodurc of 
Saxony has been long eftabliflied ; and that at Meilfen, a 
few miles from Dreiden, has produced porcelains painted 
and enamelled in fuch perfedion, that they have been 
reckoned more beautiful, and fold at a higher price than 
even thofe of China. 

The invention is faid to have been owing to an alchemift 
called Botticher, who, being confined in the caftlc of Ko- 
nigftein by the king of Poland, on a fufpicion of being 
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maRer of the philofopher’s lione, had leifure fufficient, not 
indeed to make gold, but to invent a ware, which, by the 
excellence and v^ue of it, confiderably enriches the country. 
He died in 171 9, but it feems that he only invented the 
white fort ; the art of making brown and blue porcelain not 
having been difeovered till the year 1722. 

porcelain is alfo made at Vienna, Frankendal, and lately 
in tlie neighbourhood of Berlin ; all which are made of the 
fame kind of materials with thofe of Saxony. In Italy 
there arc alfo mamifadlures of porcelain, at Naples, and 
Florence. In France they have had manufadurcs of this 
kind for many years : porcelain was made at St. Cloud, 
and in the fuburb of St. Antoine at Paris, before M. de 
Reaumur’s publication ; but though beautiful, it was of 
the vitreous and fufible kind. Since that time, confidcrable 
manufadures of it have been eftablifhed at Chantilly, Vil- 
leroi, and Orleans, the porcelains of which have a dillin- 
guilhed merit ; but thofe produced in the king’s manufac- 
tory at Seve arc faid to do greateft honour to France, on 
account of their fhining, white, beautiful glazing, and co- 
loured grounds, 

M. Guettard, who has publiflied an account of his dif- 
coveries in the Memoirs of the Academy of Sciences for the 
year 1765, feems to have been one of the firft who, fince 
M. Reaumur, found in France a kaolin and petunfe of the 
fame nature as the Chinefe : the former is a white argil- 
laceous earth filled with mica ; the latter a hard quartofe 
ft one. The count de Lauraguais has alfo fo far fuccccded 
in his attempts in this way, that fome pieces, prefented by 
him in 1766 to the Academy of Sciences, were declared to 
refemble the porcelain of China and Japan in folidity, grain, 
and infufibility, more than any other that had been made 
in that country, though it wants tlie whitnefs and lullre 
©bfervable in tne ancient Japanefe porcelain. 

In the firft attempt to make porcelain in France and in this 
country, it pofl'efTed very inferior qualities to that made in 
China and at Drefden : it was much more fufible, and had an 
open fra£iure. In coiifequencc of thefe defcdls, it has been 
dillinguilhcd from genuine porcelain by the name of foft 
and tender porcelain. 

It is painful to confefs that we have not as yet produced 
any thing fuperior to the latter in this country. The 
French, till the difeoveries of Reaumur and others, did not 
make the real porcelain. 

Porcelain appears to have been firft brought into Europe 
by the Portuguefe, but at what period it is difficult to fay ; 
but doubtlefs long before any attempts were made by the 
Europeans to manufadlure it. 

The firft attempt was, as we have already obferved, by 
baron de Botticher, a German chemift. In making fome 
crucibles, he found they aftumed by heat the charailer of 
porcelain. This gave rife to the manufadory, which is Hill 
carried on at Drefden ; and it is curious to have to remark, 
that their materials, from the firft, proved to be fimilar to 
thofe employed in China. 

The fuccefs of this manufactory foon produced other at- 
tempts iu France and this country. It was known that the 
Chinefe employed two fubftances for the body of the porce- 
lain : one called kaolin, having the duCtilc properties of 
clay; and the other named petunfe, which was a white 
ftone, and did not produce a pafte in itfclf. 

A French milfionary in China, of the name of d’Entre- 
coUes, font over to France fpecimens of the kaolin and 
petunfe, with fuch inftruCtions as he could colleCt. It 
foems that very little was gained by this. They did not at 
firft fuccecd in finding fimilar materials in France ; and if 
they had, the account given them by d’Entrccolles was 
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fo defeftive, that it rather mifJed them than otherwife. 
Very little progrefs was made by the French, till the 
celebrated Reaumur, as we have already mentioned, 
inveftigated the fubje^. His firft obje£l was to examine 
the fra6ture of the different porcelains. He found the 
frafture of Chinefe porcelain to be very compadl, but 
nightly granular; the Drefden more compact, and re- 
fcmbling enamel ; that of St. Cloud, which was the beft: 
attempt after the Drefden, had an open granular fracture, 
mor(' refembling fugar. His next objc6I was to afeertain 
their relative degrees of fufibility. He found the Chinefe 
to withftand the greateft heat without fufion, while the 
others yielded to the ordinary heat of furnaces. He con- 
cluded from his experiments, that it was effential to have 
two fubftances for the formation of porcelain. The one 
fhould conftitute the body or flccleton of the fubftance, by 
being infufible with the greateft heat of the furnace em- 
ployed ; the other fubftance Ihould, at the greateft heat 
required, become fufed, and enveloping the infufible parts, 
con^’.itute the femi-tranfparency fo coiifpicuous in porce- 
lain. The firft of thefe properties he found to exift in the 
kaolin, and the fecond in the petunfe of the Chinefe. 

It was not, however, till after the refearches of Macquer 
and Montigny, that the French porcelain became fit to 
compare with that of Drefden and the Chinefe. They put 
the manufadlory at Seve in poffcflion of the means of em- 



If, agreeably to the principle laid down by Reaumur, 
porcelain is conliituted of two fubftances, one of which is 
infufible, and a( 5 ts as a prop or fkeleton, while the otfier, 
which is fufible, cements and binds the infufible parts toge- 
ther ; it will be eafy to conceivis that a great variety of 
this fpecies of earthen-ware may be formed with fubftances 
pofl'efling different degrees of fufibility. The beft and true 
porcelain, however, apptaars to be formed when the fufible 
part of the porcelain requires the greateft heat for that pur- 
pofe. This is the petunfe of the Chinefe, and is fimilar, 
if not the fame, with the feldfpar which is found in Cornwall, 
and employed in moll of the manufadlurcs here. The 
other fubftance to winch the porcelain inafs owes its du6li- 
lity, is called porcelain clay, and by fome porcelain earth. 
This is nearly the fame with the kaolin of the Chinefe. 
Sometimes the fubftance known by the name of foap rock, 
and alfo called ftcatite, is employed with the kaolin, or porce- 
lain clay. This is faid to give firmncfs to the infufible part 
of the porcelain. A fubftance fimilar to this laft is in fome 
cafes iilcd by the Chinefe. The body of the bell porcelain 
fhould, therefore, be formed of certain proportions of porce- 
lain clay with the feldfpar. The lefs of the latter, the 
more dimcult it will be to bring about the femi-tranfparency 
by heat. But if the feldfpar were in great proportion, 
the veflels fo formed would Ihrink in the fire, before the dia- 
phanous property was produced. If veflels were made 
folely of the porcelain clay, without any feldfpar, they 
would poli'efs great whitcnefs and firmncfs, but not the 
leall tranfparency. Hence this clay anfwers very well for 
crucibles or other veflels required to refill great degrees of 
heat. Porcelain made of the bell proportions of thefe two 
fubftances, we have before obferved, is called hard porcelain. 
In fome parts of France, and in this country, the porcelain 
is made of thefe fubftances in part, but other materials are 
employed to give the required tranfparency at a lower tem- 
perature. This has received the name of foft porcelain* 
The receipts for makitig foft porcelain are very numerous ; 
fcarcely two manufadlurcrs uiing'the fame, although each 
keeps his own a profound fccret, and thinks it t& beft* 
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They all ufc more or let's of porcelain clay and fcldfpar. 
The former is often called Cornwall clay, the latter Corn- 
Widl ftone. This they employ in different proportions with 
bone athes. The latter conftitute the infulible part, while 
the feldfpar, which is ufed in greater proportion, fufes to 
give the tranfparency. Some ufe gyptum in their compo- 
mion, to give it an opal appearance. All thefe porcelains 
arc lb fufible, that they are obliged to be glazed witli a fiib. 
fiance containing oxyd of lead, which miift ever be con- 
fidered as obje^ionablc in the manufadlure of vc'flds nfed in 
domeftic life. The true porcelain is glazed with feldfpar, 
which can only be effefted when the fabric will bear a heat 
fufficient to make the coating of fcldfpar flow thinly over 
the furface. 

It may be proper here to flatc fomc fa<5ls rofpeding the 
porcelain clay and the feldfpar, which may be a means of 
improving upon the materials which nature furni flies. 

The Cornwall Hone is a fpecics of granite in a flate of 
decompofition, and principally confilis of feldfpar. The 
porcelain clay is found in fituations where this decompofition 
18 conllantly going on, and the clay is feparated by the 
a£lion of water, which waflies thefe parts mifcible with that 
fluid into pits made, in fucceflion, for the purpofe. In 
order to give fomc idea of the fimilarity between feldfpar 
and porcelain clay, we will give the following analyfis by 
Vauquelin. 

Feldfpar. 62.83 Silex 

17.02 Aluminc 

3 Lime 

1 Oxyd of iron 

1 3 Potafli 

96.85 

Porcelain clay. 55 Silex 

27 Alumine 

,5 Oxyd of iron 

14 Water 

2 Lime 

98 5 

Before it was fufpedled that the alkalies entered into the 
compofition of minerals, the analyfis of thefe two fubilanccs 
afforded nearly the fame fubfiances, offering very little in 
their proportions. In the andyfis of fcldfpar, however, a 
great lofs was always obferved, which could not be ac- 
counted for, but which is now found to be potafli. This 
latisfadlorily explains the f;u5l of porciLiin clay, from which 
the alkali has been feparated by the decompofition of the 
feldfpar, being infufible with the grcatell heat of furnaces ; 
while the fcldlpar itfelf, which contains potafli, melts at 
little more than a red heat. Thefe fads will, no doubt, give 
fome valuable hints to the fcientific manufadurers of porce- 
lain. 

It may feem to the reader a little ftrangc, why the foft 
orcclain, which is a vague and artificial compofition, fhould 
e made at all, and why the fimplett proportions of the 
clay and Cornwall ftone fhould not be iiniverfally em- 
ployed. In anfwer to this we may ftate, that in none of 
the manufaduring arts in which fire is an important agent, 
has there been left (kill difpluyed, or left improvement made, 
than in the potterft kiln, which from its conftrudion is li- 
mited to a very low degree of heat, and has befidcs many 
other defeds, which muft ever be an obftacle to the manu- 
fadure of porcelain. On thit fubjed wc (hall give fome 
obfervatiofit ia another place. We lhall now proceed to 


go through the diflerciii matiipulaiioiis lor many vcfleU of 
porcelain, which will be the fain'* whatever may be thr 
nature of the materials. 

Previoufly to thedillerrnt materials being mixed which are 
to conftitute the mais from w'hich the vellels are to be 
formed, they are (Irft ground between twolurfaccs of chextz 
or porphyry : the firll of thefe is a hard lllictous ftone. found 
in Derliyflure, and other places, 'rhe paliive part of thii' 
machine cuhfiils of thefe ftone.i, winch ocea[>y the bottom of 
a cylinder, about twelve or eigliteen »./clics in depth, and 
from fix to ti*n feet in di.imetcr. In tlie middle of tiie cy- 
linder works an upright fludt, witli arms at r»ght angles, on 
W'hitli are placed the active Hones, lu tLat hv the n)t*1tion 
of the latter upon the paffue ftones, t!ie inbllance, fuch as 
flint or fcldlpar, is ground. As rnucii w^ater is always pre- 
fent as k«rps the liibliance grinding to the coiifillency oi 
pulp. 

y\fter the fiibftanees have ground in this way t'^ 

a certain fiiienefs, which alio effects their intimate mixture, 
the pulp IS pafkd through a fieve of iine iilk. T’lie ope- 
ration IS called Idzunitio. This renders the pulp >try fine, and 
prepares it for (‘vaporatlon. 

The evaporation of the water is peif*>rmed in a v'efir?. 
made of fire-hnek ; its furface is great, and the depth not 
more than twelve to eighteen indies. I'he breadth is aboui 
fix feet. The fire is at one end, and the flame runs unde, 
the whole length, to the chimney at the other end. The 
heat is given ver) flovvly to the pulp, till the mafs will adiiu-t 
of b(‘ing cut out w'ith a fpade ni fqiiare mafles. 'riiefc 
mafles are a little loo foft for working, and require anothei 
operation, called wedging or flapping. ''I’his confifts in 
feparating eacli of thcle fquares with the hand, and flapping 
tlu ni violently together on diflerent fides to tliofe imme- 
diateb feparat(‘d. I'his is repeated till the mafs becomeii 
pcrfei^ftly uniform. In mixing water with clay or any othe# 
dry fiibftance which requires to be thoroughly penetrated by 
that fluid, it is found that confiderable time is necefl’ary to 
do it effectually for this purpofe. It is common, after the 
firft wedging, to allow the mafs to remain undifturhed for 
fome time. This allows every part of the fuhliance to be fatu- 
rated with water, and tlie mafs requires that degree of uni- 
formity and tenacity, by whicli it is worked with greater 
facility. Previoufly to being w^orked it undergoes another 
wedging, by whicii U acquires ihi* proper confiftcncy for 
working Into utenfils of diflerent kinds. 

This branch of the art i. divided into throe departments, 
namely, throwing, prefling, and eafling. 

Throwing is performed upon a machine called the potter^s 
lathe. This confifts of an upriglit fliaft, about the height 
of a common table, on the top of which is fixed a circular 
piece of wood, of a breadth fuflicient for the w'ideft vcflel 
to Hand upon. The bottom of the fliafi runs in a ftep, 
and the upper part in a focket a little below the circular 
board, fo that the fhaft and the board turn togctlicr. The 
(haft is turned by a pulley, placed upon it by a band, wliich 
paffes from it to a w'heel about ten times the diameter at 
fome diftancc. This latter, being turned by a handle, gives 
motion to the lathe. The mafles to be thrown are firft 
weighed out. The thrower places the mafs on the face of 
the circular board, which is in motion, and (hapes it by his 
hand and fingers previoufly wet, aided by the circular mo- 
tion, to the defired form. He then cuts it off at the bafe by 
means of a piece of fine braft wire, with a handle at each 
end. The veflels thus roughly formed are placed in a fitua- 
tion, where they dry gradually to a certain extent. During 
the dryi^ of the veftels, there is one point in which the 
clay piilicflcs a greater tenacity and hardneft than at any 
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other period. This is called the green ftate. At this pe- pofleffes at the fame time great whiteneL, and is femi- 
riod they are taken to another lathe, which, to diilingui/K it tranfparcnt. In this ftate it appears like very white fugar» 
from the throwing lathe, is called a turning lathe. The and it is called bifeuit. 

vcftcl is here flightly attached to a wooden chock by wetting, The potter's kiln, which that ufed for porcelain ftridtly 
and then turned into its proper fliape with a very ftiarp refemblcs, is built in the form of an ere^ cone, with an 
-tool, which gives it great finoothnefs at the fame time. After opening at the top for the cfcapc of fmoke. A certain 
this it is flightly burniihpd with a finooth fteel furface. part within the cone is built with fire-bricks, within which 
^uch vefids as require to have other partvS attached to them, the vefl’eh containing the porcelain arc piled one upon 
filch as liandles, fpouts, See. undergo this operation when another. Thefe vellcls for defending tlie ware from the 
they come from the turning, this being the proper ftate of immediate adlion of the fire, are called which in all 

drynefs for that purpofe. The handles are firft made of the probability is a word corrupted from Jaffguards, They 
proper fize and fliape in moulds of plafter : they are then are cylindrical veftels from twelve to cigliteen inches in 
lluck to the veflcls:, by means of a pulpy mafs of the fame diameter, from flx to twelve inches deep, and from one inch 
material, of the confiftcncy of thick cream. In this ftate to one and a quarter tliick. Thefe dimenfions, however, 
it is called flip. The furfac9 where the union is formed vary with the fize of the articles to be burnt, 
is then fmoothed with a wet fponge. The vcflels arc now The bottoms of the faggars are flightly covered with a 
taken to the ftove to he tlioroughly dried. fine white land, which does not change by the fire. The 

Wiicn they are pcrfeidily dry they are examined, to fee particles a6t like fo many little f^heres, allowing the porce- 
if any parts be ftill rough ; indeed, feme places cannot be lain to touch the faggar's bottom only in a few points, 
made perfedV in the green Rate. The perfect fmifli is given When the ware is put into the faggars, they are to be 
by rubbing the rough parts with a fmall bundle of hemp. piled up in the kiln, each fuperior faggar forving as a lid 
The throwing and turning can be employed only for to the one beneath it. Thefe piles are by the workmen 
fuch utcnfils as are of a circular form. When the form is called lungs. Before one faggar is laid upon another, a 
otherwife, recourfc is had to moulds. The moulds are ring of fort clay is laid upon the edge of the lower one ; 
made of plafter, and fometimes, for delicate work, of ful- fo that the upper one, being placed upon it, fecures the 
phur. The clay is firll made into a flat piece of the thick- wan^ in the fame from any dull or fmoke. The rings of 
nefs of the vefl'el : it is then gently prefted into one-half clay fo placed between the faggars, are called *wads. The 
of the mould, a firnilar piece being prefled into the other uppermoft faggar is, laiily, covered by a lid, or an empty 
half. The two halves are now united together, and the additional faggar. 

plafter moulds removed. The vefl'ela now undergo repairs. The piles in the kiln being completed, the next thing is 
and are fet to dry, to tlie fame degree at which the thrown to apply the fire. This is made with w-ood on the continent, 
articles are turned. The vcflels are now all finiflied as to and probably in China ; but in this country the kilns arc 
their form and the diflerent appendages, which are put to fired with pit-coal, that producing the moft flame being 
them by means of the flip. Thefe are now fully dried, and preferred for this purpofe. 

finilhed by rubbing with hemp. The firc-placcs are generally feveral in number, more or 

The calling operation conlills in pouring the clay, in the lefs, according to the nxe of the kiln. They are made at 
Rate of pulp or flip, into plafter moulds, which are kept in the bottom of the cone, on tlie outfide, and the flame peiie- 
a certain ftate of drynefs. Tliefe moulds aro made in two trates the kiln through a liorizontal flue, and then afeends 
halv^'s, and fit together in the fame way with tliofc ufed for perpendicularly, furrounding the piles of the faggars, till it 
calling metals ; tlie pulp is poured in till the cavity is quite makes its exit at the opening in the top of the cone. The 
full, and fufl'ered to remain for a certain time, which is more Avant of a fufiicient quantity of oxygen in the body of the 
or lefs according to tlie intended thicknefs of the vcflcl: kiln does not afford a perfed cornbuftion of the fmoke. 
that part of the pulp which is contiguous with the plate This not only limits the heat which is fo elfential, but 
loon lofes its excels of w ater, which is abfijrbcd, leaving is the caule of immenfc volumes of unburnt matter efcaping 
the clay in that part fo ftiff, that when the unchanged pulp from the chimney, to the annoyance of the furrounding coun- 
ife poured back, a portion rcinains, which, when removed try. (See the kiln deferibed under Potterv . ) The fire is 
from the mould, conllitutes a vefl’el, the exterior of which kept up from tw'enty-four to forty-eight hours, when the 
has the exad form of the mould ; the thicknefs of the kiln is fufl'ered to cool before the faggars aro difturbed. 
clay being more or lefs, according to the time the pulp The porcelain is now taken from the faggars, and cleared 
remains in the mould. from any particles of fand which may have adhered to it. 

The articles formed in this way are dried to the green In this ftate it is called bifeuit. AU the common earthen-ware 

Rate, firnilar to thofe above-mentioned, at which period the and tlie fofl porcelain are fo porous in the ftate of bifeuit, 

parts to he united are put together with flip. as to be permeable to w^ater, and, in confec][uencc, would be 

It is in this v^ay that the greater parts of thofe elegant ufelefs, without the furfacc being covered with glaze, in 
figures and ornamental works are formed, and fold in a liate order to fill up the pores. 

of whke bifeuit. Thefe are made in tlu? greateft perfec- The glazes ufed for foft porcelain, and the common 
<ion at the Derby porcelain workp. The imitation of earthen-ware, are mixture-s of fome earthy fubftance, fuch as 
flowers and foliage is exquifitely managed. Each of the flint or clay, or both combined, with fome vitrifiable metallic 
leaves and petals being made in a feparate mould, renders oxyd, in order to give it the neceflary fuflbijity. The oxyd 
this kind of work very expenfive. of lead i« generally employed for this purpofe, with fome- 

All tlie various kinds of work made by the different times the addition of oxyd of tin or arfenic, in order to give 
procelles, after being finiflicd, fo far as regards their lhape, the glaze a certain degree of opacity. In the hai*d porcelain, 
are placed on a ftove to keep them in a hot ftate for burn- fuch as that of China and Drefden, the glaze docs not con- 
ing, till there is a fufficient quantity to fill the kiln. tain lead or other metallic oxyd, except we call potafli the 

The next proceli ifi that of burning or firing, which oxyd of a metal. The porcelain being formed of fuch 
axmfifts in giving the porcelain a very confiderably red or proportions of the porcelain clay and the feWfpar, as to bear 
aJmoft white heat, by which it acquires its hardnefs, and a great degree of heat, a glaze may be employed, much 
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lefs fufible than thofe employed for the foft porcelain. The 
glaze of fuch porcelain is^ therefore, the feldfpar alone. 
We have before iiated, that the feldfpar owes its fufibility to 
a certain portion of potafli which it contains : it might hence 
be inferred, that the common fufiblc glaze could be formed 
by combining potafh or foda with earthy ftibllanccs, in 
greater proportions, and thus obviate the ufc of oxyd of 
lead entirely, which, from its poifonous qualities, is very ob- 
jedionablc. Such an expedient has often, and is ftill reforted 
to, by the manufa6lurers of earthen-ware ; but it is found, 
that when a glaze contains more than a certain proportion 
of alkali, it does not undergo the changes of expaniion 
agreeably with iiic body on wliich it is laid, and is apt, 
io confequence, to crack. It is not uncommon to fee fome 
of the very common ^ecics of earthen-ware appear covered 
with cracks on the furface. Whenever this happens, the body 
foon becomes penetrated by givafe, or any otlier fubllance 
applied to the veffels fo glazed. The oxyd of lead, in 
a certain proportion, forms a more permanent glaze, and is 
lefs liable to the above objedlion ; but we find that acids, 
particularly vinegar, diffolve the lead in fuch glaze, and has, 
in many in fiances, been produdive of bad confcqucnces. 
The gLzing ufed for the foft porcelain in gent ral contains 
lead, and differs very little from that uled for common 
white earthen-ware, which is generally called white enanud. 
Since the fubflance known by this name enters into the 
compofition of the porcelain glaze, and alfo into the flux 
ufed as a vehicle for the colours, we will give the procefs 
for forming white enamel, as recommended by Chaptal in 
his Chemiftry applied to the Arts. Take equal parts of 
lead and tin, and expofe them on a melted flate till they are 
completely oxydated. Let the powder fo farmed be ground 
with water, and well wafhed from any impurities, which 
will be known by the water being clear. Tins fine powder 
being dried, is kept free from dull. Tins being done, take 
the whitcll flints, and fufe them with fait «f tartar, or car- 
bonat of potafh ; the latter being in fuch proportion to the 
flint, that the compound may be foluble in water. It to 
the folution of flint fo formed, muriatic acid be added till 
flint ccafes to be precipitated, the precipitate may be con- 
fidored as pure hlex. This being well waflied and dried, is 
kept for ufe. Of the firft preparation of tin and kid, take 
iOO parts; of the prepared flint, lOO parts; to thefe add 
300 parts of carbonat of potafh : fufe the whole in a clean 
wliitc crucible, and pour it on a clean flate : when cold, 
reduce it to a fine powder, and keep it for ufe. 

This preparation is intended for the nicefl purpofes. 
For the common earthen-ware lefs pains would be taken in 
preparing the flint and the oxyds of lead and tin. In future 
this preparation will be called white enamel.' If the porce- 
lain to be glazed will not bear a great heat, the wliite 
enamel may be ufed alone as glazing. The three following 
arc recommended by count Milly in his work on porcelain, 
Firft, very white quartz, 8 ; white enamel, 1 5 ; and cal- 
cined gypfum, 9. The fecond is, 17 of quartz ; 16 of 
white enamel ; and 7 of gypfum. The third is, 1 1 of 
quartz ; 18 of enamel ; and 12 of gypfum. 

Thefe pofleffi different degrees of fufibility, according to 
the lead they contain. The very hard porcelain, fuch as 
that of Drefden or China, is glazed with feldfpar alone : 
for this purpofe, the feldfpar is reduced to a fine powder, 
fiixiilar to that coiiftituting the glaze already mentioned. 

Having now pointed out the material for glazing, we 
will fhew the manner of laying it upon the bifeuit, in 
which flate we left it when taken from the kiln, and cleared 
from any fmall particles adhering to it. The material for 
glazing 16 to be mixed with water till it is about the con- 
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fiftence of frefli cream. The powder fliould be extreiHcIy 
fine, that it may remain in fufpeniion. The mixture, befides 
this, fhould be agitated all the time of glazing, in order to 
keep the fluid of an uniform thicknefs. The bifeuit is dipped 
into tlie glaze. On taking it out, the piece of porcelain is 
to be turned haflily into different pofitions, in order that 
the covering may be uniform. The bifeuit, from its porolity, 
ubforbs the water from the folid part, leaving a coating 
which is of fulficieiit hardnefs to remain permanent till it i,s 
expofed to the fire. Thofe articles which are coloured in 
any port witJi cobalt, and fometiines the black or brown 
colours, require to be painted with tKe colouring matter be- 
fore they are dipped in the glaze. In thefe inilances the 
colours arc feen to the grcatell advantage through the 
gla/.ing. 

The next procefs is the firing. To fufe the glaze for this^ 
purpofe, the coated ware is placed in clean faggars, fuch a;t 
thofe ufed in the firft firing. That part of the porcelain which 
is to refl upon the bottom of the faggar has the glazing 
rubbed off. if this were not the cate, the glaze would 
faften it to the bottom of the faggar. The faggars are now 
to be piled up in the fame kiln, and in the fame manner as 
employed in the firll tiring, but the temperature not fo high : 
it fhoukl be, however, jull fuflicicnt to give pcrfeilil fuliou 
to the glaze. The heat employed for the feldfpar gLize, in 
the manufadture of hard porcelain, is much greater than for 
the glaze of the foft kind, although the relative degrees of 
the bifeuiting and glazing heat may be nearly the fame iii 
each kind. In this flate the porcelain has attained all its 
iifcful qualities, the painting and gilding requiring an addi- 
tional procefs. Bi‘fore we qieak of the method of laying on 
the colour, we fliall give fome account of the preparation of 
the colouring materials, and the proper flux by wliich the 
colour is united to the body. The different colours are 
produced by metallic oxyds : thefe bodies are, in general, 
capable of affiiming a vitreous form with diftorent degrees of 
facility. The oxyd requires to be accompanied by a certain 
vehicle, called a flux, which has tlie eflcdl of rendering the 
whole more fufible than the firll or proper glazing already 
defenbed. Some manufadlurers exclude lead from their 
flux ufed with the colour, as being injurious to tlie colour ; 
others employ it coiiflantly. Certain it is, however, that in 
its tendency to promote the fufion of the under glaze, tin" 
colour becomes diluted, particularly when too much heat in 
employed. 

The flux which contains lead may be formed by adding 
a little borax to the white enamel already deferibed, fufing 
the mixture, and reducing it, when cold, to powder. 

The flux given by Chaptal for this purpofe confills of 
glafs in powder, free from lead, 20 parts ; calcined borax 1 1 
parts ; and purified nitre 22. 

The flux, whatever may be its compofition, is to be 
ground with fome metallic oxyd into fine pow'der. It is 
then mixed with oil of lavender, or, what is cheaper and 
better, old oil of turpentine. The latter is merely to give 
that coiiliiloncy to the whole, which will make it, in the 
befl ftatc, to be laid on the work with a canicPs hair 
pencil. 

As the preparation of the metallic oxyds to be ufed as 
colouring matter, require great nicety in their preparation, 
we will give fome account of the bell means of their prepa- 
ration, before we proceed to flate the different procefles of 
painting porcelain. 

Colour produced by The oxyd of gold has been 

confidered a valuable fubflance in producing the carmine, 
rofe, and purple tints. The mod common preparation is the 
purple powder of Caflius : it is prepared by diflblving the 
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gold in aqua regia, formed of equal parts of nitric and mu- 
riatic acids. Next diflolve tin in the fame menftruum, keep- 
ing the veffel in which the folution is formed as cool as pof- 
fibie. The folutions of each (hould be perfedly cle^. 
Firil dilute the folution of gold with three or four times its 
bulk of water ; then add the folution of tin by a very little 
at a time : a purple precipitate will fall down. Continue to 
add fmall portions of the folution of tin till no more purple 
precipitate is produced. It muft beobferved, that the folu- 
tion of tin fhould be kept clofe flopped from the air, between 
the intervals of ufing it ; as the prefence of oxygen would 
foon render it unfit for forming the purple powder. This 
powder is well waflied by pouring hot water upon it, and 
drawing off the clear liquor from time to time. It is then 
to be dried and kept for life. The yellow oxyd of gold is 
fometimes ufed for painting. It is obtained by precipitating 
it from its folution by an alkali, or by lime water. The 
precipitate is to be wafhed and dried in the fame way as the 
lafl, and kept for ufe. 

When either of thefe fubftances is ufed, they arc to be 
intimately ground with the flux above-mentioned, in quantity 
proportionate to the intenfity of the colour required. The 
mixture is then ufed by fome manufaiSlurers in that ftate for 
painting. Others fufe the mixture into a glafs, and again 
ri^duoc it to powder. In either ftate it is mixed with ou of 
turpentine till the mixture aflumes a proper ftate for the 
pencil. The figures are painted upon the glazed porcelain, 
the volatile part evaporates, leaving the colouring matter 
with a fmall remain of refinous. In this ftate the goods are 
ready for a third firing, to fix and bring out the colour by 
the fufion of the vitreous colouring matter. When the fufi- 
bility of flux is greater than common, and the heat moderate, 
the purple colour is produced ; the rofe colour requiring 
lefs flux and more heat. 

The purple colour is alfo produced by the addition of a 
little more lead to the flux than is ufed for carmine and rofc 
colour. 

The carmine colour is alfo produced by means of oxyd ©f 
gold, produced by the flow decompofition of fulminating 
gold, and a fmall portion of leaf filver, or muriat of filver. 
The preparations of gold are chiefly confined to the manu- 
fadure of wh&t is called tender or foft porcelain, for pro- 
ducing carmine, purple, and rofe colours. When employed 
for the hard poicelain, fuch as that of Drefdcn and the 
French, the colours are very apt to change, from the 
great heat employed to bake them, and in confequcuce they 
ha"e almoft entirely ceafed to be ufed in thofe mamifa^ories. 

Iron Colours* — Iron is capable of producing a variety of 
colours on porcelain, but it is the moll celebrated for pro- 
ducing red and rofe colour. For the latter colours it is ufed 
in the ftate of pure oxyd, which fhould be of the fame co- 
lour before and after baking. It is commonly prepared for 
the common pottery by calcining green vitriol at a red heat, 
in which ftate it is called eolcoihar and crocus martis* 

For the delicate colours of porcelain, it is common to pre- 
pare it with nitric acid. For this purpofe, diflolve the pureft 
iron in llrong nitric acid. This acid oxydates the iron to its 
maximum. Let the folution be diluted, and ftand till it is 
perfedlly clear ; then add a folution of carbonat of potafh, 
till the whole of the oxyd of iron is precipitated. Wafh 
the precipitate well with hot water. Drive off the laft waih- 
ing by heat, and raife the heat almoft to rednefs : this will 
dnve off the carbonic acid. This oxyd will now be of a 
fine red colour, and is fit for ufe. A certain portion is now 
mixed, and intimately ground with the flux, which it then 
laid on with the oil of turpentine, fimilar to the gold colour. 
This colour is employed with great fucceft in painting 
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hard porcelain for the rofe and red colours, and is much 
preferred to gold. On the contrary, the iron colour docs 
not anfwcr fo well for the foft porcelain, as it becomes very- 
faint by baking, and fometimes almoft difappears when the 
heat is great. It mar appear a paradox that the iron fhould 
anfwcr for hard porcelain, which is baked at a much greater 
heat than the foft ; while it fhould totally fail with the foft, 
if the heat be much increafed above its common heat. This 
fa£l is explained, by attributing the faintnefs of the colour to 
the foftnefs of the undcr-glaze of the fjft porcelain, which 
abforbs the colouring matter ; while the hard and lefs 
fufible glaze of the hard porcelain, which is moftly feldfpar* 
has no fuch effedt upon the colour. The oxyd of lead, 
which is generally prefent in the flux, may alfo have a ten- 
dency to Icffen the intenfity of the colour of the iron. 

Oxyd of lead, as a colour, is generally ufed in the ftate of 
minium (red oxyd of lead) and litharge. It is reduced to 
a very fine powder, and wafhed very clean. It is often ufed 
with oxyd of tin and flint, and fometimes potafh. Its 
general effedl, when in fufficient quantity, is to produce a 
yellow colour. The lead, being in fmall quantity, and mixed 
with a certain portion of oxyd of manganefe, has no colour. 
The oxyd of lead alone fufes into a tranfparent glafs of a 
beautiful yellow colour. 

Oxyd of antimony is employed to give a yellow colour t# 
porcelain. The oxyd is prepared by diflblving antimony in 
the ftate of regulus in muriatic acid, with heat, and to the 
clear folution add water, till no more precipitation takes 
place. Separate the white powder, and add to it a folution 
of carbonat of potafh to take up the remaining acid. The 
white powder, well wafhed with hot water, and dried, will 
be the pure oxyd of antimony. This oxyd may be fufed into 
a yellowifh vitreous niafs. If it be expofed to heat for 
fome time, it absorbs more oxygen from the atmofphere, and 
becomes volatile. This oxyd, with its proper flux, which 
mav be fimilar to that ufed for the other oxyds, produces a 
yellow colour. It is generally ufed with lead, and fome- 
times alfo tin for this emour. 

Oxyd of cobalt is almoft the only fubftance ufed for 
giving a blue colour. Its being ufed with fo much certainty, 
as well as its fuperb colour, renders it of great import- 
ance in manufadures of porcelain and pottery. To pre- 
pare oxyd of cobalt, let the arfenical ore of pyrites be 
treated with nitric acid. Moil of the fulphur is feparated in 
its pure form, but fome becomes converted into fulphuric 
acid. The latter, with the arfeuic acid, formed at the ex- 
pence of the nitric acid, is to be feparated by the nitrat of 
lead, adding the latter fo long as any precipitate is formed, 
but not more. If an excefs has been added, the lead may 
be feparated by fulphuric acid. If copper be prefent, fe- 
oarate it by a bar of iron. Precipitate the oxyd of cobalt, 
held in folution by carbonat of potafh. If the precipitate 
be digellcd in liquid ammonia, the oxyd of cobalt and 
nickel, if any, will diflolve, while the others will remain. 
Drive off the ammonia, and add a folution of pure potafli : 
the pure oxyd of cobalt will ^iffolve, leaving the nickel be- 
hind. The pure oxyd may be feparated by adding an acid. 
This laft procefs is to be purfued only when it is required to 
get the oxyd in a ftate of purity. The common procefs is 
to roaft the ore above-mentioned, by which the arfenic and 
fulphur are expelled. The refiduum confifts of the oxyd, 
contaminated with a little iron, nickel, and copper, and 
with filex. In this ftate it is fold under the name of 
This mafs admits of fufion into a blue vitreous mafs, which 
is called /malt* In the two latter ftates it is ufed in the co- 
louring of common pottery. We have already obferved that 
oxyd of cobalt) when ufed for the blue colour, is in general 
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liid on before the glazing. This is more particularly the cafe 
when the deep blue ground in porcelain is to be formed. 
The greater the heat, the rnore intenfe and fine this colour 
becomes. Hence the blue is much better upon hard than 
foft porcelain. When great heat is given to it, the oxyd 
becomes, in fome meafure, volatile, fince the white ground 
in its vicinity becomes a little tinged with its colour.^ The 
oxyd of copper has hitherto been employed for producing a 
green colour. There are two oxyds of this metal, one the 
brown or protoxyd, the other the black, containing a 
maximum of oxygen. The former produces a reddifli-brown, 
the latter the green colour. The bnnvn oxyd is generally 
obtained from the furface of copper by ilie a^ljon of heat. 
The brown fcales wliich are detached from the furface are 
made into a fine powder. The black oxyd is heft obtained 
by firll precipitating the oxyd from a nitric folution of cop- 
per by lime water. Let the precipitate be diflolved in am- 
monia ; then draw off the ammonia by diflilLition, and tlic 
black oxyd will be left in the refidum.i. 

The brown oxyd, being melted with its fiiix, produces a 
reddifh-brown glafs. 'riiis, being pounded, may be uf(*d 
with other colours for producing the different tints of red 
and brown- The black oxyd, treated in the fame y, ay, pro- 
duces a green colour. The oxyd of nickel lias bLcn tried in 
painting on enamel and porcelain, and is faid to produce a 
green colour. The oxyd is obtained from the ore by the 
lame method given for obtaining oxyd of cobalt. The am- 
moniacal folution fpoken of in that procefs, geiu rally con- 
tains both thofe metals. The refiduum which the folution 
of potafli leaves, is oxyd of nickel. 

The oxyd of chrome has been tried in the mjniufadory 
at Seve by Brougniart. With tlie cliromat of lead he 
produced a blue of confidcrable beauty, fubflance 

is found in nature, and might be employed to advantage. 

Tiie oxyds of tin and arfenie do not produce any co- 
lours, but liave the property of producing opacity when 
united with iranfparent vitreous bodies. The funner, it 
may be remembered, is in the compontioii of the white ena- 
mel befi>re-mcntioned, to which it owes its milky and opal 
appearance, Arfenie has the fame property to a certain 
extent. The latter, however, may be united W'ith glafs, 
w'ithout diminidting its Iranfparcncy. The mafs, w'hcn 
fiifcd, becomes tranfparent ; but wlien it is expofed at a 
red heat to the air for fome time, it uffiimes as opaque 
and opal appearance. Arfenie is very feldorn ufed in ena- 
mels, the oxyd of tin anlwenng the fame purpofe: this cir- 
cumllancc, and alfothe danger in preparing arfenie, are fufli- 
cient rcafoiis for laying it alide. Witli tliefe metallic oxyds, 
feparately or combined, all the varieties of tints which can 
be produced in the common methods of painting are obtained. 

Thefe may be divided into blue, purple, violet, red, rofc 
colour, carmine, brown, orange, and yeUow. 

The blue is produced to the greateft advantage by the 
oxyd of cobalt. Its flux for foft porcehiins is potafli, filex, 
and lead ; that for hard porcelain being feldfpar alone. Tlie 
flux recommended by Chapta!, already given, would anfwer 
for the foft porcelain. In fome iiiflamAS it might be pro- 
per to ufe lead inftead of borax. When lead is ufed, the 
coloured coating is Icfa liable to crack and peel off. When 
borax or potafli is ufed in fufficient quantity, the lead may 
be omitted*. 

The purple is produced on foft porcelain by the purple 
powder of Caflliis, the flux containing a greater propor- 
tion of lead, in the abfence of which the colour would 
incline to red. Oxyd of manganefe, which is found plen- 
tifully in nature, and ufed for bleaching, produces a pur- 
ple colour, but it is feldom ufed for that purpefc. The 
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purple tint may alfo be produced by the mixture of ivil 
oxyd of iron with cobalt. Thefe may alfo give the dif- 
ferent ftates of indigo and violet. 

The reds are produced in foft porcelain by a compound 
of one part of the purple powder of Calfius, and five or 
fix of the flux with borax. This red, wdth particular 
management, may be varied from a carmine to the rofe 
colour. Thefe colours may be much modified by the nlV 
of a little leaf filver, or muriat of filvor ground up with 
the flux. The reds of hard porcelain are produced witli 
good cfFcdl from the red oxyd of iron. If this oxyd be 
mixed w'ith an oxyd of the fame metal having lefs 
oxygen, a great variety of tints may be produced from 
orange and carmine to purple. Indeed it may be poflible 
to produce every poflible colour with iron in different de- 
grees of oxydation. Manganefe may be employed with iron 
to afford a variety of tints. 

Brcwvns are produced in loft porcelain by tlu; brown oxyd 
of copper, with manganere and the brown oxyd of iron. By 
varying the proportions of thefe, dilferent fliades of brown 
are obtained. 

Orange and yellow are produced by llie oxyds of lead 
and antimony, and diflereut proportions of red oxyd of 
iron give various tints of orange. The antimony and 
h ad produce yellows of different degrees of intenfity, ac- 
cording to tlie quantity employed. Great care is required 
m the management of the lu^at ; if the heat be too great, 
the oxygon leaves tlie lead and forms black fpots. 

In all inllances tlie colour is to be mixed with the flux, 
and fometimes fufed with it, and afterw'ards reduced to 
powder. This is more efpecially the cafe wflicn oxyd of 
copper is employed. The powder is ground with oil of 
turpentine rather in a viltid flate : witli this fubilance the 
articles are jiainted. After painting they require to br 
baked or flred, fur the purpofe of fuling the matter laid 
on. This is not only necelfary to fix it, but in moft in- 
flances the colour does not appear till it becomes fufed with 
its flux. The baking is performed in furnaces, called ena- 
mel kilns. The cnameller, who has the fame w’ork to per- 
form, ufes a muffle. But in baking porcelain the furnace 
employ'ed IS generally made of call iron. It confiiis of a 
cubical vefld provided with a lid: four fides are fur- 
rounded by a loofe w'all of brick, perforated with lioleii. 
The fpace betw'ecn the two vefiels is about four or five 
inches : this cavity is filled with cliarcoal. The outer 
cafing is deeper than the inner, that the top may be co- 
vered with charcoal. The holes in tlie outer cafing are to 
admit air for the coinbullion of the charcoal. 

The ware is ]>iled up in tlu* enamel kiln on iron grates, 
reftiug oil earthen props of diffVreut lengths, forming al- 
ternate lirata with the grates, and the lid placed upon it. 
The charcoal is now fet on fire at the top, and kept up 
till the colour is brought out. Fur the purpofe of afeer- 
taining when the proper effed is produced, there is an 
opening from the lidc by a tube which palfes from the 
outer cafing to the inacr veflel. »Small fpccimens are 
pafl'ed through this tube, having the different colours 
painted upon them. The tube is flopped with a plug. 
Thefe fpecimens arc withdrawn from time to time wuth a 
pair of frnall tongs, in order to know when the file is to be 
removed. The whole is now left to cool before the porce- 
lain is taken o«t. 

It will be obvious, that when one colour requires to be 
laid upon another, tliis is performed by a fecond operation. 

It frequently happens that a piece of porcelain has to go 
into the enamel kiln four or five times, when a great va- 
riety of colours is contained in the painting. 
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Befides the painting, porcelain is frequently ornamented 
hy gilding. This is performed in a manner very fimilar to 
the painting. The precipitate of gold from its folution is 
ground up with the oil of turpentine, and a very fmall 
quantity of the flux. The parts intended to be gilt are 
covered with this, fimilar to the painting, and are fired in 
the fame way. The oxyd of gold, in this cafe, is not de- 
fended by the flux, and the oxygen flics off, leaving the 
gold in its metallic form, firmly fixed to the porcelain. 
I'he gold, altliough metallic, is dead in its appearance, and 
requires to be burniflied. This is another department in 
the manufatlure of porcelain. The burnifhers arc of har- 
dened Heel polifhed, and the blood Hone, and are ufed in the 
fame way as in burnifhing gold and filver vell'els. The 
common kinds of porcelain .ire painted by means of cop- 
per-plate prints. This, however, is more praftifed in the 
maiiiifaftories of the common earthen-ware. See Pot'i kry. 

I’ORCKLAIN Earth, or Clay, [Kaolin,) in Mineralo^, is 
referred by Kirwan to the fecond tribe of argillaceous 
earths. 

Colour, white, grcyiih-wliite, or reddifh, or yellowilh- 
white. 

Lullre, 0. Tranfparency, o. 

Friable and dully, often compaft. 

AdluTCS very (lightly to the tongue. 

Feels foft but not greafy. 

Hardnefs feldom exceeds 4 ; but lately fome much harder 
has been found in Siberia Maquart 430. Sp. gr. (which 
is bell taken when hardened by fire) varies with the proper- 
tion of its ingredients between 2.23 and 2.4. That of Li* 
moges, whicli is worked without any mixture, has its fpcc. 


gr. 2.341. lirillon 273. 

Ill water it immediately falls into powder. Thofe of 
Japan, and St. Iriez in France, are perfeftly white ; thofe 
of Saxony, reddiih or yellowifli ; thofe of China, and 
Cornwall, are mixed with particles of talc and mica. 

In general porcelain earth is infufible in our furnaces, as 
Cronlled remarked; but, in manufailuring this earth, fome 
fufible ingredient is commonly added ; however, nature 
fometimes furnifhes thefe ingredients with the earth, and to 
this compound we cannot retufe tlie name of porcelain earth. 
According to Mr. Haflbnfratz, to whom mineralogy, in all 
its branches, and the arts connefted with it, art* much in- 
debted, the porcelain earth of Limoges above mentioned 
contains, when dried, 0.62 filex, 0.19 argill, 0.12 magnelia, 
and 0.07 barofclenite. Mr. Wedgwood, in the porcelain 
clay of Cornwall, found on the contrary 60 per ct. argill, 
and Anly 20 of filex ; this clay is therefore infufible. When 
dried by a furnmer heat, or that of a room moderately warm, 
it lofes about 0 hs weight ; in the heat of boiling water 
as much more ; in that of melted lead, and thence to a 
ftrong red heat, in which copper melts all AV 5 
after that no more; The matter thus loft is common and 
fixed air, but no inflammable air. Hence it appears to differ 
from the lirll tribe, or native argill, only in containing iilcx. 
It has betn fuggefted, that porcelain clays derive their moft 
ettimable properties from a mixture of magnefia. Mr. Ni- 
cholfon, in his Journal, vol. xii, mentions a porcelain earth, 
which appeared, upon analyfis, to conllil only of carbonate 
of magnefia and filex. Magnefia is faid to be of ufc in 
porcelain, by diminifliing the degree of contraftion to which 
it is liable. 



Porter 


Porter, a malt liquor, which is a favourite beverage of 
the inhabitants of London, and other brge towns. The dif- 


tingiiifhing charadlcrs of this liquor arc its deep brown co* 
lour, and an agreeable flavour, which it is diihcult to de- 
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fcribe, our language having fo few words expreflive of dif» 
ferent taltcs. The origin of tlie name is thus related by the 
ingenious editor of the Picture of Tondon. “ Before the 
year 1 730, the malt liquors in general ufe in London were 
ale, beer, and two-penny, and it was cultomary for the 
drinkers of malt liquor to call for a pint, or tankard, of 
half and half, /. r. a half of ale and hall of beer, a half of ale 
and half of two-penny, or half of beer and half of two- 
penny. In courle of time it alfo became the pra(5itice to 
call for a pint or tankard of three-threads j meaning a third 
of ale, beer, and two-penny ; and thus the publican had the 
trouble to go to three calks, and turn throe cocks, for a pint 
of liquor. To avoid this inconvenience and walle, a brewer 
of the name of Harwood conceived the idea of making a 
liquor, which Ihould partake of the fame united flavours of 
ale, beer, and two-penny ; he did fo,, and fucceeded, calling it 
entire, or entire butt, meaning that it was drawn entirely from 
one calk, or butt ; and as it was a very licarty and nourilhing 
liquor, it was very fait able for porters and other working peo- 
ple ; hence it (obtained llic name of porter.’* The hoiifc of 
Harwood is ftill a refpe^lable brewery ; but an immenfc 
trade has, lince the period above-mentioned, arifen, and is di- 
vided among fevcral brcw(¥rs. 

At firll, the only efl'ential difference iu the methods of 
brewing porter and other kinds of beer, was, that it was 
brewed from brown mall, a!id this gave to it both the 
colour and flavour required. Of late years it has been 
brewed from mixturcc of pule and brown malt, and the 
colour of the prefent liquor is much lefs than was for- 
merly eftcemed requifke : but finding that pale malt 
yields a much greater portion of faccnafinc matter than 
brown, thc^ greatell number of the London brewers have 
given up the brown malt altogether, ufing pale and amber 
malt, which is intermediate* between the two. From thefc 
they procure a liquor of ] proper lircnglli, and they give it 
both colour and flavour, by tlie addition of colouring mat- 
ter made from burnt fugar, or by burning the fugar of 
concentrated w'ort. All the London porter is profeffed to 
be entire butt, as indeed it was at firll ; but the fyllem is 
now altered, and it is very generally compounded of two 
kinds, or rather tlie fame liquor in two different llages, the 
due admixture of which is palatable, thougli neither is 
good alone. One is mild, and the other flule porter ; the 
former is that which has a (lightly bitter flavour, from 
having been lately brewed ; the latter has been kept longer. 
Tin’s mixture the publican adapts to the palates of his fevcral 
cullomcrs, andcfledls the mixture very readily, by means of 
a machine containing fmall pumps worked by handles. Jn 
thefe arc four pumps, but only three fpouts, becaufe two of 
the pumps throw out at the fame fpout : one of thefe two 
pumps draws the mild, and the other the ft ale porter, from 
the cafks* down in the cellar, and the publican, by dex- 
tcroufly changing his hold to the handle of the next pump, 
works either pump, and draws both kinds of beer at the 
fame fpout. An indifiVrent obferver fuppofes, that fince 
it all comes from one fpout, it is entire butt beer, as the 
publican profeffes over his door, and whi*h vulgar prejudice 
has decided to be the only good porter, though the dif- 
ference is not eafily dillinguilhcd. 

By referring to the article Brewinij, our readers will ob- 
tain corre£l iaeas of the general principles of the art, and 
under the prefent wc propofe to detail the procefs of brewing 
porter ; and alfo to deferibe the utenfils and machines ufed 
by the London brewers, who, in confequence of the very 
large fcale on which they conduft their proceffeS) have been 
induced to ftudyr with the moll minute attention, every 
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thing which can tend to improve their beer, or economize 
the materials ; as alfo to diminifh the labour of removing 
fuch large quantities of liquor from one part of the works 
to another : in this their grand agent is the fteam-engine, 
w’hich gives motion to fevcral very capital machines. 

There are in London twelve houfes, which are confi- 
dered as the principal porter-breweries, and from the re- 
turns of the excife, we find that the quantiliesof beer they 
brewed in the courfc of two years, viz. from July 1810 to 
July 1 8 1 2, was as follows. 



JJarvelft ill 

IbiTcls in 


Sio Biid 1 1. 

]81 1 Hiul ] 2 . 

Barclay and Perkins, Borough 

264,405 

270,259 

Meux, Reid, and Co., Liquor-pond- 
ftreet - - - - 

1 220,094 

188,078 

Truman, Hanbury, and Co., Brick- 
lane . - - - 

1 14 *.i 79 

1 50, 1 64 

Whitbread and Co., Chifwcll-ftrcct 

122,316 

122,446 

Calvert and Co., Thamea-ftrcet 

105,887 

108,212 

H. Meux and Co., Marlborough-' 
ftreet - . - - 

^ 103,152 

102,403 

Combe and Co. _ . . 

8 '.,76 1 

100,824 

Brown, Parry, and Co., Golden-lane 72,367 

— 

Good Wynne and Co., Wapping 

85,181 

8t,022 

Elliott and Co., Pimlico 

58,042 

5».3«S 

Cocks and Campbell 

— 

5 *>474 

Taylor - - - - 

46,222 

51,220 

Clowes, Maddox, and Newbury,’ 
Tooley-llrcet 

[ 3M72 

34,010 


Of thefe works, the firft that had a fteam-engiiic, anti the* 
moft complete in its arrangement of the utcnlils, is Mr. Whit- 
bread’s in Chifwell-llreel. This gentleman having permitted 
oiir draughtlVnan to lake drawings from the moll interefting 
parts of his extenfne works, we fliall proceed to explain 
them, with the aflillaiicc of Plate Porter Brewery. Pi^^s. i. 
and 2. of this plate are elevations of the whole brewery, 
being intended to Ihcwlhe connexion of all the parts at one 
view ; but wc mull premile, that thefe elevations arc in a 
great degree imaginary, and are not to be confidered as 
taken upon any particular plane s, becaufe the diflerent erre- 
tions would tlieii fall one behind the other, fo as to hide them 
from the view ; tlicy an' therefore reprefented in fuch litua- 
tit>ns as would be moll convenient for explanation ; but the 
relative levels, as alio the dln.enfions of the individual 
vellel?, are corredL A A, i.) is tlie building containing 
the ftcam-enginc, whicli is of twenty horfes power, and 
gives motion to all the machines by a wlieel on the axis 
of the fly-wheel, turning another upon the hori'/ontal 
(haft, and this leads to the mill, where it turns the great 
horfe-wdicel B B. This wheel drives fevcral other wheels, to 
convey the power in diflerent dirc6lior.s. It was the original 
firft mover of the mill ; and wlien, (by the invention of Mr, 
Watt,) the ftcam-cngiiie was rendered applicable to turn 
machinery, the horfe-whecl was very judicioufly retainea, 
as by this means, if the engine llioiild break, or be difabled, 
during the procefs of a day’s brewing, the work can be 
continued by putting the liorfes to the wheel, 'x nis is a 
great advantage, becaufe the delay of a few hours in pump- 
ing up the beer, in more than one of the llages, would cer- 
tainly produce a premature fermentation, and fpoil the w'hole 
quantity. The water for the brewery is raifed from a deep 
well by a pump placed in it, and this is worked by cranks 
and rods, h, from the beam of the engine. The well is liluated 
out in the yard, and the cranks are placed in an arclicd paf- 
fage, which leads from the engine-hiufe to the well. The 
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pump, by means of a pipe </, forces the water up to an 
immenfe refervoir, called the liquor hack^ placed at a fuf- 
ficient elevation to fupply the whole brewery. In i , 
this refervoir is reprefented as placed over the fleam-engine, 
which indeed is its ufual pofition in the large London 
breweries, but in Mr. Whitbread’s it is ereAed over fome 
buildings which could not be fhewn in our plate : from this 
the refervoir pipes arc laid, to convey the water to any part 
of the works where it may he required. The principal of 
thefe are to the 'coppers B, of which tliere arc three, placed 
clofe together, but only one can be fecn. C is tlie chimney for 
it, and the fame roof, D, covers them all. The water, 
being heated in the coppers, is conducted by a pipe, r, to the 
mafh tuns E : one of thefe is placed immediately before each 
of the coppers, though only one is to be fecn in the view. 
During tlie procefs of mafhing, the malt is kept conftantly 
llirred by machines in each tun, which receive tlieir motion 
from the fleam-engine by the fhaft J : this pafll's over tlu* 
centre of all tliree, and by means of bevelled wht‘cls, gives 
motion to a vertical axis in the centre of each tun, which are 
the principal axes of the machines. The malt, previous to 
maihing, is ground, or crulhed, to render the hidlvs jiervioiis 
to the water. In moil breweries it is ground between mill- 
ftones, fuch as are ufed for grinding corn, but in thefe works 
it is broken between iron rollers, fimilar to tliofe ufed 
for flatting iron: they are 1 8 inches in diameter, and two 
feet fix inches in length, and are fituated at fuch a diflance 
afunder, that only a piece of thick brown paper can be 
paffed between them ; they are turned by wheels from the 
long horizontal fhaft and immediately above them is a 
third roller, w^hich has a number of deep flutes, or cavities, 
cut in it, from one end to the other, and thefe, as it revolves, 
become filled with malt from the hopper above, and then 
deliver it to the two rollers, which, being in motion, take it 
between them, and crufh all the grains flat. By this, which 
is called a feeding roller, the fupply to the rollers is kept 
conllant and regular, without whicn they would be in great 
danger of clogging up, or fetting faft. The malt, when it 
lias palled through the rollers, is completely broken, even its 
moll minute grains, but very little of It is cut into flour ; 
for the hiillcs of the malt, though cracked fo as to admit 
the water readily to the contents, Hill prevent the flour 
being fejiarated. This is a great advantage over the method 
of grinding, becaufe that produces a great quantity of 
flour, which is the richcfl ipan of the malt, but when it 
is ground fine, and feparated from the grain, it docs not 
yield fo much extrad in the mafh tun, as when it is pre- 
ferved in the grain, and the hufk fufHcieutly broken. This 
is becaufe the flour, when immerfed in the water, and wetted, 
forms a fort of pafle, which at firfl abforbs a conliderable 
portion of water, but will not afterwards quit it, fo that 
very little extra6l is obtained from that portion of the malt 
w^hich is feparated from the grain, in the llate of flour. The 
llore of malt, before it Is ground, is kept in the malt lofts 
over the mill, as reprefented. When it is brought in waggons 
^o the yard, clofe by the mill, the facks are drawn up by 
the tackle at F into the loft, and here the facks are fhot 
down, through holes in the floor, into the great llore malt 
lofts, and from thefe, as it is wanted, is drawn out, through 
fhuttles, into the hoppers of the rollers '^I'he llore lofts 
extend mucli farther than we have been able to rcprefeiit them 
in^. 1, but may eufily be imagined, as they arc only a repe- 
tition of eight or ten of thofe fhewn in the figure, the fame 
loft extending over tlie w^hole, and the fame lack tackle 
drawing up the facks from the carts in the yard ; tlioiigh this, 
of courfe, is not fituated at the end of the mill over the 
pumps, but at the fide, wlicre i% could hot have been fecn. 
The malt, after pafling through the rollers defeends into 
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a cheft, whence it is conveyed to the malt binns over the 
mafh tuns E, by the motion of an inclined ferew h : this m 
a wooden trunk or trough, in which the ferew is fitted to 
revolve, and thus gradually pufhes or raifes the malt which 
IS contained in the trough, from the lower end of it to 
the ujipcr, which, being within the malt binn, and at 
the farther end of it, the ferew completely fills, by 
dillributing the ground malt at all parts of its length. The 
ferew itfeli is formed of thin iron plates, bent into a ferew, 
and failened, by nails, to a central w'oodcn axis, which re- 
volves by the mill. When the malt is wanted for mafhing, 
it is let down from the binn into the mafli tuns, through 
Iluiccs, or fliuttics, in the bottom of it, and curtains are hung 
up all round from the binn to tlie edge of the tun, to prevent 
lofs from the duft or flour of tlu- malt flying in the air. 
After the procefs of mafhing has continued a fufheient time, 
the extra6t or wort is drawn off from the mafli tuns into 
other tuns, G, beneath, which are called the under-backs ; 
here it remains only till the coppers are ready to receive it ; 
and it is thrown up by the pump, H, into the copper-back I. 

1 his is a fhallow ciflern jdaced above the coppers, and from 
it the wort can be admitted into any of tlie coppers, or into 
their pans ; tliefe are vellels which are placed over the cop- 
pers, and their contents receive heat from the fleam raifed 
by the boiling of the co])])er itfclf. 

To underlland this fee fig, 3, which is a fedlion taken 
through the centre of the copper. A A is the fire-grate, 
BBC the copj)er ilfelf, containing 350 barrels ; its top 
is a dome, and has a cylinder, G, rifing up from it : F F 
is the pan, erefted upon the top of the copper, and en- 
clofing the dome C, within. The pun contains 250 
barrels of liquor, wliich is heated by the fleam rifing 
into the cylinder G, and thence defcending by pipes < 7 , 
down into the liquor, and bubbling up through it. The 
heat communicated througli the dome alfo aflifls in heating 
the contents of the pan. There arc two valves in the head G, 
which are kept fluit by fteelyards and weights ; but thefe 
being opened, the fleam of the copper is allowed to efcape 
through a copper pipe or chimney, K, (fig, I. ) into the open 
air, E (fg* 3*) door, to allow entrance, into the 

copper, and alfo to put in the liops ; il is fituated on the 
top of a cylinder rifing from the dome, and is fitted fo 
clofelyby grinding, that it is fleam-tight when fhut, and forced 
down upon its feat by a ferew'. Two flues proceed from 
the fire-grate at the farther end, and condudl the flame and 
heated air round in oppofile diredlions, as fhewn at D D, to 
the chimney, which is pjaced over the fire doors, and thus 
the heat is applied to the fides, as well as to the bottom of 
the coppers : this, as the figArc flicws, is made concave be- 
neath, to allow a greater adlion to the fire. Hie chimney is 
open at the bottom, and, therefore, the draught it occafions 
through the flues is only by the lateral adtion of the cur- 
rent of air, occafioned by the column of rarefied air in the 
chimney ; but this draught can be cut off, when it is re- 
quired to damp the fire, by lliutting up two iron doors at 
the ends of tlie flui-s, and then no air can pafs through the 
fire. In fomc brewerii-s, doors are provided to fliut up the 
bottom of tlie cliimnies, and thus inertfafe thedrauglit, by com- 
pclling all the air wdiich enters the chimney to pafs through 
the fire-grate, and thence by the flues into the chimney ; this 
caufes the copper to boil much quicker, but the violent heat 
foon deflroys the copper at the bottom, by burning or melting 
it. When the hops arc boiled in the copper, they are kept in 
conftant motion, to prevent their lying upon the bottom and 
burning to it. This is done by a machine called the rowfer^ 
contained wdthin the copper ; il confifts of a vertical fpindle, 
in the centre of the copper, wliich at its lower extremity 
has a erdfs curved, to correfpond with the bottom, and 
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from this a number of loops of heavy chain arc fufpended, 
to drag round upon the copper when the fpindle is turned, 
and by this means the hops arc raked over and continually 
difturbed. The fpindle pafl'cs through a ftuffing-box 
in the centre of the top, G, of the copper, and is turned 
round by a wheel engaged with another upon a (haft re- 
ceiving motioji from the engine. The direction of this (haft 
is fhewn dotted in Jig, i, at but is there vaftly extended in 
length, as is alfo the ferew for the malt, becaufc the engine 
and mill in reality Hand in the line of the houfc containing 
the coppers and mafh tuns, and at the end of them, in which 
pofition it would Iiave been hidden by the building. The fame 
fhaft, jc, alfo gives motion to the hop tackle, for drawing the 
hops up to the top of the copper, where they are thrown in at 
the door of it, 3. The rowfer can be drawn up from 

the bottom of the copper when it requires to be cleaned, f«r 
which purpofe its fpindle is fufpended by a fort of tackle, 
that will quickly railc it up fix or feven feet. The copper 
is provided with a float, to fhew the height of the liquor 
within it ; this confiib of a ftrong wire, pafling down through 
a tight Iluffing-box in the top of the copper, and fufpending 
a llonc at the lower end of it : from the upper end of the 
wire a line is condudted over pulleys, which has a ruler or rod 
divided into feet and inches fufpended from it, with a weight 
greater than the weight of Itone when it is fufpended in 
the liquor, but Icfs than the weight of the flonc when it is 
drawn up out of the liquor. In this fitiiation the flonc will 
always be at the fiirface of the water, in the fame manner 
as if it floated, and will flievv the height of the liquor in the 
copper. There are feveral pipes and cocks belonging to the 
copper, which are as follows : a pipe leading from the liquor 
back to introduce water into it ; this has a cock formed of 
two paflagea, one admitting it to flow into the pan, and the 
other conveying it by a fhort pipe into the copper itfclf, and 
the handle being turned in one dire£lion or the other, (hews 
which way it will run, or turned in another dire6tion it Hops 
up the pipe ; there is alfo a hole in the bottom of the copper 
back, through which the contents run down into the pan, but 
can be clofed by a plug, and near it is a pipe leading down 
through the pan into the copper ; this is clofed by a valve, 
which can be opened by a lever and ferew, when it is re- 
quired to convey the wort from tlie copj)cr-back into the 
copper itfelf ; there is alfo a valve, which communicates at 
once from the pan down into the copper. From the bottiim 
of the copper is a large cock with a pipe r, which runs 
horizontally over all the three mafh tuns, and at every one a 
branch defceiids beneath the bottom of the tun, and turns 
up, with two or tlirce fmaller branches, leading into different 
parts of the bottom, by which means the hot liquor is ad- 
mitted from the copper into the tun ; it enters in different 
places at the lame time, a precautitm which is very necelfary 
to difiribttte it equally through the whole of the malt in a 
tun, which like this is twenty feet in diameter ; but to do this 
more cfledually, the tun has a falfe bottom perforated with 
fmall holes ; upon this the malt lies, and the w’ater, being in- 
troduced beneath it, flows upwards through tlie holes in all 
parts at once. 

The malhiiig machine, (fee an elevation of it in Jigs. 4. 
and 5.) is compofed of feveral entile tV. ehains, R, extended 
over two wheels in the manner of chain pumps, and the links of 
the chains have rakes, //, fixed upon them, and as the wheels 
revolve, afeend and defeend througii the whole depth of malt 
contained in the tun, and thus eftedhially flir up the whole 
to incorporate it with the water. That this action may be 
perfonned in all the parts of the tun, the frame containing 
the wheels and chains is adapted to have a progreflive motion 
round in the tun, by turning round upon the vertical axis, D, 
in the centre. This axis has a bevelled wheel, E, upon it, 
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which turns another upon the end of a horizontal fhaft F, 
carrying the wheels, r, for the chains R, and extendkig from 
the centre of the tun to irs circumference, that end being 
fupported in a frame S, whicli reds with wheels upon the 
rimer edge, T, of the tun: the interior end is fullaincd by a 
frame S, (Jig, 5. ) fitted upon the vertical axis, D. Near 
the bottom of the tun another horizontal fliaft, V, parallel 
to the former, is placed, and lias upon it the lower wheels, e, 
for the cndlefs chains of rakes. Tiic pivots of this fhaft 
are fupported in the fame frame 8, as the upper : this 
being, as before mentioned, fitted upon the central axis, D, 
at one end, and tlie other end rofting with wheels upon the 
edge, T, of the tun, it may lx: made t() Iraverfe round the 
tun. This is done by having a ring of cogs fixed upon the 
edge of the tun at T ; and an endiefs ferew, which is fup- 
ported on the frame 8, engages the teeth. By means of 
bevelled wheels, /, this ferew is turned flovvly round from 
the upper axis, F, of the chain wlieels ; and it can, by means 
of a fmall handle, be difengaged from the motion, or it can 
at pleafure he engaged with eitlier of two different pairs of the 
bevelled wlieels, one giving it a flow motion and the other a 
much quicker ; the firll being ufed to traverfe the machine 
round the tun till the malt is completely wetted, and then 
the quicker motion is ufed to mafli the malt up thoroughly. 
This machine is the invention of Mr. Cooper, wIjo had a 
patent for it, and has madt‘ great numbers. Several other in- 
genious machines have been invented, but are not yet in gene- 
ral life ; one by Mr. Sylveflcr, another a patent by Mr. W. 
Jones; (fee Repertory of Arts, flrfl fencs, vol. ix,); a very 
fimple one by Mr. Goodwynne, which he cmyloys in his own 
brewery ; a fifth kind of machine is deferibed in our article 
Brewing. Mr. Jonathan Dickfon has a patent for a me- 
thod of making mafh tuns in call iron, by which the very 
heavy expences of conltantly repairing, and often renewing, 
wooden veflds is reduced to a trifle. Meflrs. Barclay and 
Perkins have one of thefe in ufe at their brewery. The 
mafh tuns at Mr. Whitbread’s brewery are lined with lliin 
flicet copper, applietl in the fame manner as the fhi athing of 
a fhip, to prevent leckage, and keep the veliel fweci and 
dean. The mafli tuns are fupported upon a framing of 
timber, as ihewn i, wliich leave room within them 

for the under-back G. T(ie malt-binns are iupported over 
tlieni by an affemblage of pillars between each of the tuns ; 
and to give greater llrengtli to the horizontal beams i, whidj 
arc beneath tlic binns, other horizontal beams, 2, arc placed 
at a confjderable lieight above them, and the two pairs being 
conneded by framing and olilique braces, they fornr a truis 
frame fimilar to a roof, winch will bear the weight of the 
biiui, when full, witliout finking. I'he pipe 3, which draws 
off the wort from the uiider-haek, is conduded to the three- 
barrelled pump at FI, which is worked by the mill : this 
elevates it to a trough, which extends over the whole length 
of the copper-hack I, and by means of a plug in the bottom 
the wort can be let down into it. 

When the wort has been boiled in the copper with the 
hops, both together are run off, at if, into the jaek-back M : 
this is in reality a large itrainer, to feparale and retain the 
hops. It is a very Isrge back, provided with a falfe bot- 
tom, compofed of cafl-iron plates pierced with fmall holes. 
Through thefe the liquor drains, when the pipe, /, from the 
bottom of the back is opened, and the hops are left upon 
the falfe bottom : the pipe, /, is conduded to the pump at FI, 
and this raifes the wort up to the fame trough, over the cop- 
per-backs I ; but in Head of being run into thefe it is con- 
veyed forwards, by a fucceflion of troughs, and diftnbuted 
into the difl:erent coolers N, N. Thefe are large backs, and 
very fhallow, feveral being placed in fucceflion over each 
other, and the windows of the building are made very open, 
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to admit a current of cold air, to carry the heat ofF from 
the beer. In thefe it remains a fufiicient time, till it is 
cooled to the temperature defired, and then it is drawn off 
from the coolers into the fermenting hoiifc. This is a ver) 
large building, placed adjacent to the enginedioufc. A fec- 
tion of it is given in^f. 2 : here p is the copper pipe, pro- 
ceeding from the coolers (having uumemiw branches to all 
of them), to the gyle-tuns, or Iquarcs P, which arc large 
open vats, of fufficient capneity to contain the beer of a 
whole brewing ; here yeait is put to it, and the fermenta- 
tion commences, and having continued a fufficient time, the 
beer is diftributed into the fniall tuns, Q, called rounds, 
where the fermentation is coueluded, and the yeaft, as fall 
as it is produced, flows over by a fpout into the troughs m, 
which are placed between every two rows : this cleanlcs the 
beer, by the leparation of the yeall from it ; and as by tlie 
■diviflon into fmall quantities, {for the rounds only contain nine 
barrels each,) the temperature is lowt'red, and as the dtfpoli- 
tion to fermentation gradually fubfides, the beer becomes 
fit for lloring in the vaults or under-ground cillems T, that 
it may be kept, till by age it becomes line and fit for the 
table. The fqiiares P, (for there are two, one behind the 
other,) are 22 feet by 24, and 9 feet deep, fo that their 
content is nearly HeX) barrels each. The pipe from the 
coolers N, I • ) has a branch proceeding to each fquare, 

and a double-paflaged cock, 4, which will admit it into 
cither, according as the handle is turned to one or the other. 
The pipe itfelf proceeds in an inclined direction to the Ixit- 
tom of the fquare, as fliewn by the dotted lines, and thus 
introduces the beer in the centre, by which mtians, if there 
is any variation of temperature in the contents of the fquare, 
and that which has recently entered, it will fooner be 
brought to an equality. 

Mr. Ricliardfon, who conduc ts the brewing at Mr. Whit- 
bread’s works, lias made an arrangement wiiich deferves par- 
ticular notice, and is worthy of imitation by other brewers. 
The pipe, py is made of thin copper, and is enclofed within 
another pipe, the fpacc between them being fupplied with 
a ilreani of cold water. To effecSit this, the main aicciiding 
pipe, from the well to the liquor cillern, is not in reality 
carried up direct, as (hewn by ^/, in Jig. 1, but is pliccd in 
the angle of the fermenting houfe at dcUJg. 2. A branch, 
5, proceeds along the wall thereof, then makes a tum, and 
joins the external oipe p : Iroiu the other end of this a 
branch is condiR^-ted to return tlic water to the main afeend- 
ing ]>ipc dy and in this there is a cock between the two 
brandies, and another upon the branch : now the latter 
being Ihut, and the former open, the water afeends at once 
up the pipe from t ii»' well to the refervoir ; but when the beer 
i*^ to be drawm off from the coolers into the fqiiareR, the cock 
in the main pipe, dy is ihvit, and the other opened, by w^liich 
meaiis all the cold water whicli the pump throws up from 
the well is forced trirough the fpace furroundixig the pipe /, 
ill which the beer flows, and thus cools it very dfedlually. 
To determine the temperature, the bulb of a themiometer 
is placed in the centre of the pipe, and its tube comes up 
through it at 6 ; then a man is itationed to watdi this, and 
w^hen lie obferves it fink to the degree at which it is deter- 
mined that the beer fhall be left to ferment, he opens the 
fock and permits tlie beer to flow into the fquare ; but Hill 
continues to obferve the thermometer, and if it finks lower 
he opens tlic cock wider, to admit the beer to flow quicker 
through the pipe py tliat it may not be io much cooled by 
the flow of the cold w^atcr ; or, if this is not fufiicient, he 
regulates the quantity of cold water, by means of the cocks 
in the main pipe and the branch : on the other hand, il tlie 
tliermometer indicates that the beer is not fufiiciently cooled. 
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the cock is clofed a little ; this retards the paffage through 
the pipe, and lowers the temperature, by fubjeaTng it for a 
longer time to the adtion of the cold water. By this fimple 
contrivance, the brewer is at a certainty that his liquor has 
been put to ferment in the fquare or gyle-tun P, at the 
cxadl heat which he intended, a circumftance which was 
be^re very uncertain ; becaufe, being drawn from fo many 
different coolers, fome w'ould of cowrfc be lefs cooled than 
others, from their diflerent fituatioiis, and it could only be 
gueffed what temperature all thefe diflerent degrees of heat 
W'ould make when mixed together in the fquare, and the 
larger the fcale of operation, the more uncertainty ; becaufe 
fucli large bodies of liquor take a coniiderable time to flow, 
and by pafling fuch great lengths of pipes generally lofe 
lome heat ; but it cannot be guc'ffed how much. In 
Mr. Richardlon’s method, this is accurately determined, and 
capable ol regulation. A long thermometer is fixed In the 
Tides of the fqiiares, to (h«*w the temperature of their con- 
tents, and this is found to increafe during the fermentation ; 
no yeafl is removed Irom tlie beer in this flage, indeed 
fcarcely any is formed, for though a very large white head 
collc£ts upon the fnrface, it is only liglit (lubbles which in- 
llantly fall by the leail agitation. Tlie fermentation in the 
fqiiares is generally concluded in thirty hours, and then the 
beer is removed to the rounds for cleanfing from the yeaft. 
It is firft run ott'by a pipe 7, from the I'qiuires, into the filling 
up veffels R, R, wJiich are in reality placed in the fpace be- 
tween the two fquart’s ; but could not be fo reprefented. 
When tliefe are full, the pipe is fluit, and another cock, 8, 
opened, which permits tlie beer to flow through pipes 9, 
conducted beneath all the rounds Q, Q ; and from thefe, crofs 
branches are conduced between every two rows, and by 
fliorl pipes introduce the beer into the calks : thus they are 
all filled at once, and thtm the cock, 8, is Ihut. The cafles arc 
240 111 number, being arrange'd in fix teen of the rows which 
arc feen in our figure, though only eigljt are drawn there; 
and each row contains fifteen of thele calks. The troughs, 
m, between each pair of rows extend the whole length to 
receive the yexdl pri)vlu(\‘d from them, wliicii in this Huge 
of the fermentation is caufed to flow' off as faft as it is 
pnidiiecd ; and by thift means it is that the fermentation 
IS allayed, beeaule the yea It w'hu:h conltanlly keeps it 
going on, is not fulVered to reft upon the i'urface of the 
beer. To render this eficCtive, iJie rounds have clofe heads, 
and rather inclined to one fide, where is a fpout to cor4- 
du6t the yeail into the trough, therefore this fpout is at the 
higheft part ; and there is no coniiderable furface expofed, 
upon which a head of yeall can float, to kn*p up the fer- 
mentation. But as the rounds gradually diminifh in content, 
they are tilled up by freih beer from tiie filliiig-up tuns R, 
w'hicli were previoully filled, as a refer ve for that purpofe. 
A ]npe from the boilom of tiiefe cnlers into a fmall cif- 
tern S, where its orifice is clofed by a valve. This is 
opened by a wire, which is connedled with a lever, and a 
float, which floats iiiRin the furtace of the liquor in the cif- 
tern ; and this is, by means of the communicating pipes 9, 
kept at the fame level woth the furface of the beer in all the 
rounds ; there being a free communication amongft them all. 
Now' when, by the wafling of the ycafl, the beer in the 
rounds iinks, the float in the cifteni finks, and op^ming tlie 
valve, admits a fufficicncy of beer from the filling-up veflels 
to reftore the level, luid then the valve clofes again. To 
prevent the beer in the iilling-up veffels having an expofed 
furface, and to carry off the yeaft from them as faft as it i« 
produced, a moveable or ifiiating head, 10, i« adapted to 
the tun. This jb a flightly concave pan, or difli, of plate 
iron, which has a pipe fixed perpendicularly down from the 



198 

centre of it, and pafling through the bottom of tbe vcflel, in 
a ftufiing-box. '^fhis difb lloats upon the turface of the 
beer in the filliiig-iip vcfli'l, and as it is not quite fo large as 
the irdide of the tun, the ycall runs over in this fpace, and, 
falling down the pan to tlie central pipe, runs through it 
into troughs placed beiicatli, which convey it, in common with 
the produce of all the other caiks, to a tank, or receptacle, 
funk in the ground. From this tank the yt'all is raifed by a 
pump into calks, in which it is lent away, for the ufe of 
bakers, dtlhlkrs, ^md others wlio employ it. Whilll re- 
maining in the lank, a coviliderable portion of beer, which 
the yeafl (‘arrics ovi r with it, draiiis avvav ; and this is 
drawn of! bv a pump, wincli drawing from a lower 2(‘vel 
than the yeal(-|)unip, railes the beer into a dillerent cillern ; 
and liere it remains 4S hours, to ferment and cleanle itfelf. 
It is then pumped uj) into lhallow fettling backs, V, V, V : 
ill tin* biglieli t)f th; le it remains fome lime tt) fettle, and 
depolit any yt all it may eontam, and is then drawn ofl into 
a fccond, and then to the third, by vvliicli it becomes clear, 
and is good llrong licjiior, tliough inqialatabi • ; but being 
introduced into tlie Iquarc, at tfic fame time with a fiic- 
ceediiig brewing, it adds to its quantity, witliout injury of 
the quality. By this means, no walte takes place in any 
department of the work. 

When the beer has b rn fufficleiilly f rmented, and the 
flow of ycuil ceafes, by winch the brew^ers fay it has fuffi- 
ciently purged itfelf, it is drawn oft from the rounds, Q, to 
bo flored. That is done either in large 1 mis W, or ollicrwifc 
in the ciilcrns, or undiM-ground vaults 1' : the former is tlie 
general fyileni of tlie London brew’ers ; but the latter, 
which is only pradlifed at Mr. Whitbread’s, is undoubtedly 
the belt method, bccaiife of the equality of temperature 
they preferve both in lummer and winter; and tluir dura- 
bility, compared with the wooden vats, is no Inull recom- 
mendation. Many brcwTrics have w'oodcn flore vats of iin- 
menfe capacity, being a^s much as 40 feet in diameter, and 
20 feet deep. They are placed upon timbers, and fup- 
ported by pillars, that fmall caflis may be kept beneath 
them ; and the beer can be drawn oil into thefe, when it is 
to be font away from the works. Tlie vaults, T, are 
arched, and lined with hone, well bedded in cement, or 
poz/.olaua, and the joints very candidly made. 7 ’hcy were 
built under the dircdtious of the lale Mr. Smeaton ; hut the 
Roman ci’inent, w’hich has been difcovcred lincc his time, 
would be the heft material for jointing and liniug them. 
A very fuperior cement of tins kind, wdiich Is now manii- 
fadLired in the nortli of Yorkfhiro, may be procured at Mr. 
Atkinfou’s wharf. Narrow' -wall, Lambeth, and w'ould en- 
able brewers, who choole to adopt th • cilterns, to have 
them made perfedlly tight ; wdiereas in theie works they 
had at firft much difficulty, from the defective nature of the 
cement ; though they have remedied tins, by cmjiloying 
refinous fubllances in the joints. JLach cillern contains 
4000 barrels, and tlie (lore is thus kept wutliouT the lofs of 
any room in the building ; a great confideratlon in London, 
where the rent of premifes is fo high, not to mention the 
faving in the repairs, and renewal of the w’ooden vats. 

Mr. Ricliardfon has applied an uleful contrivance in this 
brcivtry, for cooling the beer ju'evions to ilonng it iii dim- 
mer time : it is done by collcdtiiig the beer from tin' rounds, 
Q, into a cillern tliirty feet fquare, funk in the grouiul, 
and having a copper pipe conduded round its lides, making 
three turns in it : through tliis pipe a conlfant dream of 
cold water is conduded, in the lame maimer as before de- 
feribed, and this cools the beer to as low a temperature in 
fummer as it will naturally liavc in wuiiter, and then it is not 
liable to any fermentation in the dore vats, which probably 
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takes place in a flight degree in the ordinary procefs, and 
is one reafon why beer brewed in fummer is feldom fo fine 
as if brewed in winter. In this cifleru the beer, being 
kept qiiie't and cool, depofits fome fediment, apparently of 
farinaceous matter, which, if the flighted fermentation cx- 
ided, would bc‘ held in the beer, and make it turbid ; but here 
it feems to depolit more, and line itfelf to a greater extent, 
in a very Ihort time, than it would for a long period in the 
liore vats ; for w'c fliould obferve, that one principal objc‘6t 
of doring the beer is, that it may by age become line and 
traiifparcnt, wdiicli it docs by very flowdy depoliting the 
cxcefs of vegetable matter, at the bottom of the vat, in 
the form of llime : but if the flighted fermentation is ex- 
cited in the vat, it is put into an agitation, which w'holly 
fufpends tliis depolit ion, as long as it lads ; hence the great 
advantage w’hich tlu* brewers have found from employing 
fucli large vats as are not liable to fudden variations of 
temperature ; and, for tin* fame reafon, fubterrancous vaults 
are bcttcT than either. 

We have now dclcribed the wdiole of the brew'ery, ex- 
cepting only the feveral dore-lioufcs for the hops and 
coals, of wliich very great (lorcc mud be kept, for fuch 
extenlive works : the latter are kept in tlie lower parts of 
the buildings, in the vaults or arches upon wfliicli the cop- 
pers are eredled, and any other couveniint jiart of the 
ground floor ; and, in like manner, the hops are ilowed awni) 
in large bags, in the lofts over the malt (lores, or any othei 
parts. '’I’he number of tin* rounds, O, in the fermenting 
houfe is not corrcdtly reprefented in the drawing, imr the 
extent of the dore vats W, wliich lail, at Mr. V/liitbread’s 
brewery, are fituatcd in a large edablinimont on the oppo- 
fite fide of Chil well-dreet. 

Tiie managiTK'nl of the brewing is thus t'ondiuSled ; j\ 
fufficiency of pale and brown malt, mixt'd, is broken be- 
tween the rollers two or three days befon* it is wanted ; 
and lor tins reafon, the malubiime are made large enough to 
contain 400 quarters of ground malt. Some kii.ds of malt, 
wliich, the brewers lay, have loo much ///v in them, are 
found to improve by keeping fome time before they arc 
broken ; but a few days keeping utter they are broken w ill 
produce the fame effect. The \vater is pumped up into the 
refervoir till it is full, and in tliis date the work begins, 
at two or three o’clock, by lighting the copper fires, and 
tlie engine fire, tilbng the coppeis witli wati’r, and alfo 
their pans. The inaih-luns have the required quantity of 
malt let down from the binn, the curt.iins t>efore men- 
tioned being hung up to prevent the dud dyuig. All this is 
done by a few men, and tlie liquor (water) in the coppers 
is healed to the proper degree, winch is generally about 
150'’ for the fird mafh, its quantity being proportioned to 
the quantity of the malt, neaily in the j^roporiion of two 
barrels to the quarter. But both theie cuvumllances vary 
in didereiit breweries, and from various cauies, as has been 
explained under Bhewim. ; though, wc fliould obferve, 
that the remarks there made, refer rather to the procefs of 
Invvviug on a fmall fcale, than in the large way of manu- 
facture ; and though the principles are the fame, the actual 
lieats in the large u.iy are much lower, becaufe the lofs of 
lient ill the procefs is fo iiiucli lefs in the large veliels. 

The liquor being heated is turned eu, that is, introduced 
into tlie mafli-lun, by opening the cock, f, ( 1.) and ad- 
mitting it to flow up through the malt, till in ten minutes 
time it lias completely filled it : the mafliing machine is 
now fet in motion by the deam-engine, and works round 
the tun, with the flow motion for twenty minutes ; then 
the quick motion is call on for four minutes to complete 
the mafliing 5 and after this it dands dill for two hours to 
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make the cxlrafl^ and fettle clear. The tap or cock into the 
under-back is now fet running to drain off the uort, and 
this is left open, until the water for the feeond ma(h is fuf- 
jicieiitly heated. This is tlie water wliieh was at hrfi filled 
into the pan ; and immediately the full liquor quitted the 
copper, the contents of the pan were let down into it ; and 
having acquired fome heat wlhle in the pan, is foon fuf- 
ficicntly heated, perhaps to 160'^, and at the rate of one 
barrel to the quarter, being only half the quantity of the 
lirlt mu(h, becaufe fp much of that is left in the malt. The 
mafliiug machine is worke d for this as before, but it only 
Hands one hour in Head of two, bccaufe tlu* malt vms com- 
pletely fatiiratcd before : in this period tli(‘ lirll mafh is 
pumped up into the cojiper, and the hops being added to 
it, the boiling is begun. I’he under-backs ijcing thus 
cleared, the feeond wort is run off into them, and Hands 
to drain from tlie malt, till the third liquor (water) is 
ready ; this has been heating in one of the other cr>ppers, 
till it is at l8o^ and istlien, in its turn, let down into the 
ma(h tuns, is maHicd, and Hands an liour, during which 
the feeond wort is pomped up into the copper back of the 
feeond copper, ready for boiling, and is admitted into the 
pan, that it may gradually heat. If a fourth malh is taken, 
that no waHe may be made, it is heated in another copper, 
and is not brewed that day, but is referved for the next 
brewing, and is then ufed inllead of frefh water for the firll 
maHi. Some brewers do not pra6life this method, becaule 
there is in warm weather fome danger of a premature fermenta- 
tion, called foxing, taking place in the wort which is kept ; 
but in cold weather it may be fafely done, and is a faving. 
We have now to attend to the bciiling : tliis is continued for 
the firH wort one hour ; and the feeond, being in the pan, re- 
ceives confiderahlc heat by the Hearn rifing from the copper. 
When fufficiently boiled, the firH wort, togct]>er with thf? 
hops, is run off into the jack-back M, and hence it is 
pumped up to the coolers N. The firH wort is plac?d 
in theie coolers, which, being IcaH expofed to the air, will 
cool HoweH, bccaufe the objeA is to get all the different 
worts cooled by the fame time, ready for fermentation. TIic 
feeond wtirt is let down into the copper the in Hunt the firH 
is run off ; and the hops which arc left in the jack-back arc 
tilled into buckets, and drawn up by thi: hoji-tackle, to be 
returned into the copper, for boiling with tlie feeond W'ort ; 
but as this continues for two hours, the third wort is 
thrown up, towards the end of the time, to the feeond 
copper, and the boiling begun ; lor tlie iniUint the feeond 
wort is diHributed into the coolers, the hops are put to the 
third wort, and boiled with them for H>ijr houri. This 
boiling of the wortvS, coagulates great jiart of the folid 
matters which the wort extradted fioin the malt, and by 
thus collcdiing thofe minute particles winch were before 
diffufed fo equally throughout thi; wort, as only to render 
it cloudy, into diHindl fecula, tlivy are dlipofed to depofit 
themfclves in the coolers, which they do in great quantities ; 
and it is by this procefs that tJie be<T is fu ll feparated from 
the groffeff part of tlie extract, l^hc cooling is conduced 
as expeditioufly as poflible, and whe/i fufUcient, as Hicwii 
by the thermometer, all the three worts ti>gcther are, as 
before explained, drawm off into tlic fquare P, which contains 
800 barrels, which is the full quantity of a day’s brewing ; 
the yeall is here put to it, and tlie fermentation begins, pul 
it is by this procefs the porter acquires its fpirituous quality, 
and is rendered clearer, from the great quantity of mucila- 
ginous matter which is thrown off in the ycaH. The fer- 
mentation firH Ihews itfelf, by the whole body of the liquor 
teeming with innumerable fmall bubbles rifing to the fiirface, 
each enveloped in a thin film of ycaH, which, as tJie bubbles 


burH, colledt^into a liead or froth, and float on the top of 
tlie liquor. The temperature of the fluid iiicrcafes con- 
nderabl) , and the iioife of thefe bubbles, rifing through the 
fluid, caufe.. a continual finging. Part of the bubbles burflt 
before tfu-^ .nri\e at the furface, and the film of yeafl which 
envelope & hem, finks until it is borne up again by the 
afeending bubbles. 'Theie films form at lirll a white cover- 
ing to the lurface ol the beer, which the brew'crs call the 
Ixmb s back, and as the procels advances it becomes yellow, 
having tlu- appi arancc of rocks ; but this yeafl is only a 
thin watery lubllance, which quickly melts down into a 
fluid. When llie fermentation has advanced fo far, that the 
head of the yeall begins to fink, it fliews the procefs is pall 
its greatefl pitch, and tlie brewer mull check it, or it would 
foon be fuccc*eded by a leeond fiago t>f fermentation, which 
producer vinegar. I'his check is given by the operation of 
cleanfiiig, in winch, as \vi‘ fiave before Hated, tlie yeall is 
carried oil as fall as it is produced, and tlie fermentation gra- 
dually lubfides. 

To revi(*w the fever al proceffes of the brewery of porter, 
it fhould be obferved, that it is required, in the malhing, to 
extraft from the malt all the faccharum it contains ; but 
the heat at which tins iniili be done is alfo favourable for 
extracting a great proportion of the mucilage and glutinous 
parts of the malt, which mull afterwards, in fome degree, 
be feparated from the wort, and the portion which is left 
w'ill determine the flavour and colour of the he#?r. If the 
heat of the malhing liquor is too low, it will extract fo 
much of thefe matters, that all the fuhrequent proceffes can 
never feparatc tlu‘m fuilxcuMitly to make the liquor fine ; and 
at the lame time it will not extraCl mwch faccharum. But 
by inere.ifing the heat, the mucilage becomes, in a mcafure, 
coagulated in the tun, and is not extra£led in fo great a 
tlegree, whilft the faccharum is taken up by the wort in a 
full projiortion. On the other hand, an cxceflive heat 
carries this too far, for it makes a complete palle of the 
malt, by melling tlie gluten, and the wdiolc refembles a hafty 
pudding. 'This difalier, which the brewer calls ftthn^ the 
"oodsy Ipoils the whole procefs, as a great proportion of 
tlie water becomes combined with the malt, in the Hate of 
palle, and will not run oil ; wliiHl that proportion which 
does remain unmixed, and can be drained out, lias extraded 
little or iwithing, cither of faccharum or gluten, from the 
malt. Tins llati* of tilings takes place, in u greater or lefs 
degree, whenever the extracling heat is taken too high: 
the otlicr t‘xtrcme we have fpoken of, Betwtvn thefe the 
brew'cr endeavours to keep, and by his fuccels in tins fimplc 
point, the quality and flreiigth of his beer will be influenced 
moll materially. No precife rules can he given for the 
a!^lua! heats, as they depend upon the nature of the malt, the 
lieat ufed in drying it, (the brown requiring lefs heat than 
pale); the quality of the waterdias alfo its fhare, and the 
quantity of malt malhed at once, (becaufe a great mafli-tun 
lofes lefs of its heat during the malhing than a fmaller one) 5 
alfo the tcinpeiatnre of the atmofphere. 

Having been thus neri'flit.led to extract more of the 
folid matters from the malt that lie wifhes to retain, the 
brewer, in the lucceeding proci'ffes, turns his attention to the 
moH effedive means of expelling the fuperabundant muci- 
lage, and without lofing the iugar, to leave a fine tranfparent 
and palatable liquor. 

By the proeefs of boiling, the grofl’eft part of the muci- 
lage extraded by the wort is coagulated, and in a manner 
precipitated into diftind fecula, kaviiig the liquor, which 
was before thick and muddy, comparatively clear between 
the flakes which are lo large as to be individually vifiblc* 
The boiling alfo extrads the bitter of the hops, which is 
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necelFary to mako the beer keep, till it becomes fine and’ fit* 
for the table ; it alio coiici nt rates the wort, by evaporating 
a part of the water iifed In the malliing : on fpreading the 
wort thin in the coolers, the fecula iubfidcs, and is left 
behind. 

The fermentation in the fquares, P, docs not expel any of 
the extraa matter, but the chief ohjed of it is, to convert the 
fac’charum into alcohol or fpirit, and at tlie fame lime it dif- 
pofes the grofler parts to a more favourable Hate tor the fepa- 
ration which takes place in tlie fecond feriraM.tation in the 
rounds, and by the great quantity of yeall which is thrown 
off, the beer becomes liner, at the fame time that the pro- 
dudlion of fpirit continues, and it lofes its lwe«‘t talle. When 
this fermentation fubfidcs, tlie beer is llored, and remains 
quiet, the longer time the better, to become clear and tranf- 
parent ; but this is, provided the quantity of hops it had is 
fuflicient to prevent its becoming four, becaiife the extrafl 
of the hop is inimical to fcrmeiilatioii, and prevents that 
procefs going on in the llorc vat, which, if it did, would 
produce vinegar. What is really intended in the ilore vat 
is, to depofjt tliofe liner particles of fuperabundant matter 
which have cfcapcd the other proceffes, and the beer im- 
proves in its ftrength. 

The porter brewed for the fupply of l^ondon is kept a 
very Ihort time, and thtTcfore has a fmall fliare of hops ; and 
as it would not have time to become fine, it is fined by a 
procefs on purpofe, which, indeed, is necellary ; for if the 
beer was kept till it became fine, it would, by the (baking of 
carriage, when fent from the brewery, be rendered cloudy ; 
the beer is therefore lent away in the rough, and requires 
fining, wdiich is done by the confumcr putting into the cade 
a (mail miantity of fining, font by tlu' brewer with the 
porter. Thefe linings are made of ilinglals dilfolved in four 
beer, made from the wwt of the fourth mafh, or four beer 
obtained frorp the walle of any of the pnx.effes, A fmall 
quantity of this fining being put into the calk, precipitates 
the minute feculae to the bottom, and foon renders the licpior 
quite fine. 

In Mr. Whitbread’s works no colouring matter is cm- 
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ployed, as he ules a portion of brown malt ; but moll; of the 
other brewers ufe pale malt, and colour the beer, by the addi- 
tion of certain colouring matter, which Wing obtained from 
burning the fame fubltance that caufes the brown colour 
of the highly dried malt, produces a fimilar liquor, at a 
far lefs expcnce of materials, than when brown malt alone 
is ufed ; becaufe the pale malt yields a much greater pro- 
portion of faccharinc matter than the brown, in wliich a 
fhare of the faccharum ia burnt up in the kiln, only for the 
purpofe of producing a colour and flavour which may fo 
eafify be communicated to the beer of pale malt, by a fmall 
quantity of burnt fugar. Many brewers, to avoid the cen- 
furc of the public, wlio require them to ufc malt and hops 
alone, concentrate a quantity of their bell firfl wort, by boil- 
ing in an iron pan, and burn this inftead of fugar, from which 
it docs not materially differ. 

The procefs, in either cafe, is to put a qurntily of coarfe 
brown fugar, (or the concentrated wort,) into an iron pan, 
with a fmall quantity of water, keeping it conllanlly ftirred 
up ; it is then fel on lire, atid burnt for a few rniiiutx'S, to 
give it the colour and flavour which might be obtained from 
brown malt. The fire is extinguilhed by putting on a 
cover. The rcfiduum is now mixed up with water to the 
confillency of treacle, and makes the colouring, which is 
put to the beer while working in the fquare, and gives it 
very near the fame colour and flavour it would have derived 
from being brewed from brown malt. 

Some of our readers may have met with pamphlets pro- 
feffing to deferibe the procefs of brewing porter, and men- 
tioning a variety of ingredients, fuch as liquorice, efientia 
bina, trt'acle, c«^pficum, ginger, lime, coriander feeds, coc- 
culus indicus, &c. &c., but tlic writer of this article, having 
vifited nearly all the great porter breweries in London, where 
he h.as been fhewn into all their llorc -houlcs, and txamiiif’d 
ovny proc»’fs, can lafely affure our readers that no artic)'*.v 
nuTv* tlicUi malt and hops, except llic colouring and fining;;, 
ar nlcd in th'nr works, whofebeer is reputed to be the befl 
of any, nor lias he even* met with any brewer wdio employs 
fiu'h a 'lie I' -a lor br ewing porter. 
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Pottery 


POTTERY, the art of making earthen pots and vefTels; 
or the manufadure of earthen-ware. 

Veflels capable of holding liquid food, and drink for 
the ufe of man, would be fo eil’ential to hia immediate 
neceffities, that their fabrication would doubtlefa be. jprior 
to the invention of the humbleft cottage. Veflels formed 
by excavating pieces of wood and leather, were in all pro- 
bability prior to thofe of earthen-ware. This manufacture, 
however, is lo ancient, that we have no traces to the period 
of its invention. 

From the great perfeftion in which we find the porcelain 
of China, as far back as hiftory will inform us, there is 
great reafon to believe, that many centuries mult have 
elapfed in bringing it to that itate, could we even afeertain 
when it arrived at its climax. It is remarkable, that the 
oldeft fpecimen of Chinefe porcelain does not differ in its 
effential qualities from the mofl recently manufactured. 

There is flrong ground to fuppofe, that tlie art of pot- 
tery had been long brought to great perfection in the Eaft, 
before it was known in Africa and Europe. It was after- 
wards cultivated by the Egyptians, from whom it defeended 
to the Greeks and Romans. 

A fpccies of earthen-ware was manufactured in Perfia, 
which was confidered a great curiofity, on account of its 
metallic lultre. Something fimilar has lately been manufac- 
tured in this country^ to which the metallic luilre is given 
by gold ; and another with platina, having the colour of 
that metal. 

The Romans appear to have cultivated this art to a con- 
fiderable fxtent. The tafte and elegance difplayed in their 
form and ornamental decoration, were doubtlefs borrowed 
from what the Greeks had long before praftifed : the 
country moft celebrated for this art was the ancient 
Etruria. It was the ambition of that enlightened manu- 
fadurer, the late Mr. Wedgewood, to equal the manufadure 
of Etruria, after which he named the village that has 
grown out of hU genius and induftry ; let it, however, be 
laid to the praife of this $:reat man, that in his attempt to 


equal the ancients, he has very far excelled any thing of 
the kind yet produced, in the finnoefs and compaClncTs of 
body, in colour, and in elegance of form. It may be truly 
faid of Mr. Wedgewood, that he has increafed the value of 
the raw material in a greater degree than any other manufac- 
turer. The potteries of this country, prior to his exertions 
and example, produced nothing but of a flimfy fabric, defli- 
tute of tafte, and fcarccly fit for domcftic ufe. Their beft 
production was the common white ware, richly daubed 
with blue, to imitate the unmeaning feenes painted on the 
Chinefe porcelain : fince his time the manufactures of 
Staffbrdfliire have become celebrated at home and abroad. 
Among thefe, however, the modern Etruria, occupied at 
prefent by the fons of Mr. Wedgewood, ftill bears a diitin- 
giiiflied fway, and mult continue to be confpicuous, fo long 
as they poftefs the fame fpirit of improvement, to which 
their prefent eftablilhment owes its exiftence. 

Although very different combinations of the earth, and 
fometimes metallic oxyds are employed in the manufacture 
of earthen-ware, the duCtility of thefe compounds, or 
that which admits of their being moulded into different 
forms, is peculiar to alumine or argillaceous earth. The 
natural compounds, commonly called clays, confift of. pure 
clay or alumine, combined with filex, lime, and fometimes 
magnefia, and frequently alfo with oxyd of iron. In this latter 
cafe the pottery burns to different lhades of red, propor- 
tionate to the quantity of iron. When magnefia is com- 
bined, it gives to It a foapy feel, from which it has ob- 
tained file name of foap-rocK. A marked variety of tliis is 
called fteatite. 

The clay from which the Staffbrdfliire ware is manufac- 
tured comes from Dorfetftiire, and another variety of in- 
ferior quality from Devonftiire. Thefe are both of excel- 
lent quality for working, and poiiefs great whitenefs 
when burnt. Thefe clays are valued particularly for the 
latter property, which arifes from their being free from 
iron, wWh would give them a yellow or reddifti colour. 
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The clay undergoes fuch preparation at the place where 
it is procured, as to free it from Uoncs and many other impu- 
rities, In the manufadtory of Mr. Wedge wood, the moil 
complete in the kingdom, the clay is thrown into a cylinder 
of call metal, four feet high and twenty inches in diameter. 
In the middle of this cylinder runs a perpendicular Hi aft, 
with knives as radii at right angles to the llnift. TJiefc 
knives are fo arranged upon the maft, llul tlieir flat fides 
are in the plane of a fpiral thread, fo that by the revolution 
of the (halt the knives do not only cut any thing m their 
way, but conllantly force downwards what may be in ilie 
cylinder, agreeably to tbe nature of the ferew. Another 
fet of knives is inferted in the interior furface of the cy- 
linder, and extend to the fliaft in the centre : tbele cor- 
re^ond with, and arc parallel to, the moveable knives. 
The two fets, the one adive, the other paflive, have the 
effed of Iheers in cutting the clay into fmall pieces, while 
the fpiral form of the adlive knives forces the clay in its 
reduced Hate out at an aperture at the bottom of the cy- 
linder, from whence it is transferred to a vat, for the piir- 
pofe of mixing the clay with water. This v.it is of a cy- 
lindrical form, the diameter being about four times the 
height. In the centre of this vat turns a jierpt ndicular 
lhaft, having crofs arms or radii one b.low tlie (»ther. Tlu le 
are connedied by perpendicular Haves, giving the moveable 
part the appearance of two oppolite gwtea, upon the cen- 
tral lhaft. Thefe gates revolve in the cylindt r jtill immerfed 
in the pulp, the conllant agitation mixing all the line par- 
ticles completely with the water, vvliile the llony particles 
of greater m^nitude remain at the bottom. Tbe pulp is 
now palled off from this vat tlirough a fcrics of fleva s of 
different degrees of firmnefs, which work backward and 
forwjird by machinery : this feparates the grofs parts from 
that which is fitted to enter into the compofltion of the 
ware. We w'ill here leave this refined pulp, to go to the 
preparation of the flint, a certain portion of which is ne- 
ceffary to be united wnth the clay pulp, in order to con- 
ftitute the potter’s mafs. 

The flint in its crude Hate is the common flint ufed for 
linking lire, wdiich principally confifts of pure filex. It is 
lirff placed -in a kiln and heated to a red heat ; and wdille 
red-hot thrown into cold w'ater. This procefs is to leflen its 
aggregation, and make it cafier to reduce to powder, Mr. 
Wedge wood reduces the flints into fmall pieces by means of 
hammers, which are w^orked by machinery. The pieces are 
laid upon a llrong grating, to that as tlicy become of a 
certain fizc, they are driven through tlie diviftons of the 
grate. After this procefs they arc taken to a mill, which 
confifls of a cylindrical pan, fimilar to that ufed for mixing 
the clay with water, but the arms ol the upright lhaft are 
made to carry large Hones of great hardnefs ; the Hone is 
known by the name of chert, Tlicfe Hones are faftened to 
ilic arms of the upright fliaft, fo that the under fide, 
which is perfectly flat, may move over fimilar paffive Hones. 
This cylindrical pan contains a certain quantity of water 
when the fmall maffes of flint arc introduced. The flint 
foon gets between the chert lurfaces, which from their 
great hardnefs reduce the flint to a pulpy confillence. The 
nner particles become fufpended in the fluid, and are run 
off from time to time near the top of the pan. This pulp 
is then paffed through lawn or filk lieves in a manner 
fimilar to the clay, the part which remains in the fieve 
being returned to the mill to be ground over again. 1 he 
ulp is always made to a certain confiHcncc, wuth a view to 
now what quantity of flint is contained in a given mcafure, 
and the fame with regard to the clay in the fame Hate. 
The two pulps are now mixed together in fuch proportion 


by meafure, that the flint bears a proportion to the clay of 
about one to live, and fometimos one to fix. They are now 
intimatt'ly mixed together, by an apparatus fimilar to that 
employed for mixing the clay with the water in the firll 
inliancc. 

It is a well-known fa^ that clay, when expolcd to the 
fire, continues to llirink to thcgrratell heat of the bell fur- 
naces. This contra<^lion donl^lcfy goes on till the whole of 
the water is diflipated, and the clay undergoes fufion. This 
phenomenon is more confpiciious wlnui the clay is pure alu- 
mine. Hence we linnild expc(!‘l, it the clay w^re pure, that 
the fame degree ot heat in iucli clay ought to produce the 
fame decreale of volume. The application of this principle 
to nv'afure high temperatures, did not efcape the fagacity of 
the late Mr. Wedgewood. lie conHrntbd a thermometer 
which mcalured the degree of heat in which bits of pure 
clay had been expofed, by their flirlnkage. riaufible, how- 
ever, as tins idea may appear, it became almoH impradicable, 
from the circiirnHance of the fhrinkage of diflcreiit bits, 
made from the lame mafs of clay, not being uniform. 

It is found that, in proportion as pure clay is combined 
with the other earths, it undergoes lefs flirinkage ; and fince 
the great Ihnnkage in the luanufaAure of earthen -ware is at- 
tended with other inconveniences, the flint is added for the 
piirpofe of preventing the fhrinkage to a certain extent. 
It will a])penr that when the Ihrinkage is the greatefl, tin 
ware will be th(‘ moH denfe, and will afford a do for fra 6lu re. 
Under tliefe properties the articles are lefs fitted to with- 
ftand fudden changes of temperature. The Ihrinkage may 
alfo be diminiflied by pounding pieces of well-burnt clay, 
and mixing them with the clay that would be liable to fhrink. 
This cxpcdiimt is often refort ed to in making crucibles, 
which recjiiire to he made of the puroft clay, on account of 
then* ellential projierty of infufibility. 

When tilt' flint and clay, in their pulpy Hate, have been in- 
timately mixed, the next procefs is to feparate the excefs of 
water, which is efle^lcd by evaporation. The veffel in 
which the pulp is placed for evaporation fliould cxiiofe a 
great furface, it s breadth being about five or fix feet, its length 
20 to 30, and very fhallow. The bottom is made of fire- 
bricks, and the flame of tlu‘ fire, which is at one end of the 
brick-work, pafles along a flue under the bottom. The 
evaporation is How, on account of the bricks being bad con- 
dudtors of heat. This inconvenience, liowever, is compen- 
fated by the uniform confluence which the evaporating mafs 
acquires. When the evaporation has been continued till 
the mafs is fnfliciently Hiff, it is cut out in cubical rnaffes, 
and is next fubjedled to a procefs, by which the mafs is ren- 
dered of uniform ftiffnefs thronghuiit, and fit for working. 
This change is brought about in the moH complete manner, 
by allowing it to remain in a heap for a conflderable time. 
The water in the clay may be confldered as a chemical com- 
jmund. Hence we may conceive that the water, by time 
alone, will conHantly be tending to uniformity throughout 
the whole mafs. 

The operations by which this cffc6l is facilitated, are, firll 
by hand, and fecondly, by a machine for the purpofo. The 
firll is called or wedging^ and confifls iu taking a mafs 

of clay in both liands, and with a twifl of both at the fame 
time, the piece is feparated into two pieces. They are now 
brought together with greater violence, but' in different 
parts to thofe jufl feparated. The piece is now feparated 
at right angles^ and two new furfaces brought in contad. 
This change of furface every time, fomctirncs 20 or 30 
times, effeSs the uniform mixture of the different parts fo 
completely, that if, at the commencement of the operation, 
the mafs confillcd of two diftin£l pieces, one black and the 
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other white, at th/* end of the operation the mafs would be- 
come* of an uniform grej colour. 

This latter proccfs is ufually pradlifed immediately before 
the clay is made in malfes of proper fize for working into 
different articles. 

This change is alfo effected witli more difpatch by a ma- 
chine, very hmilar to that firlt iifed for cutting the crude 
clay into pieces. 

An upright fhaft works in a cylinder of caft iron ; from 
this the radiant knives work in the plane of a fpiral thread, ex- 
tending to the circumference of the cylinder. The pieces of 
clay are thrown into the cylinder in the Hate they are cut out 
of tlie evaporating vciiel. Tlie knives firlt adl by chitting them 
in pieces, and force them down the cylinder like a ferew. 
From the bottom of the cylinder extnids an horizontal 
opening* in the form of a parallcI(*pipedon, the fedlion being 
about fix inches fquare. The clay is forced through this 
opening, and cut off in lengths of about one foot each. 
Thefe rnaffes arc again thrown into the cylinder, and paffed 
through in the lame way fever.il times, till they are deemed in a 
proper ftate. The malles are now, when time wdll admit, 
laid togetlicr for fome time, as the w’orkmen find that they 
work much better for lying longer. This wc have ac- 
counted for from the equal force of affinity, which tends to 
eilablifh an equilibrium of the attradlive force of the clay 
for water in every part of the mafs. 

Having prepared the material, wc will now proceed to 
deferibe the methods of forming it into articles of various 
forms. This is fo very finiilar t(j the methods ufed in the 
inanura^f ure of porcelain, which we have already deferibed, 
that wc lhall merely Hate fome improvements in the machinery 
introduced by Mr. Wedgevv(^od. The potter^s lathe, wffiich 
IS ufed for tlirovving the different articles of a circular form, 
confiHs of a perpendicular fliaft about three feet high, having 
a circular piece of wood at the top, the face of which, by 
the lliaft, turns parallel to the horizon. The lower end of 
the ffiaft runs in a Hep ; the upper part has a neck a little 
below the circular piece of wood, which works in a focket. 
Formerly this perpendicular ffiaft was put in motion by a 
wheel, with fpokes failened upon it, which the workman 
moved with his foot. In others the ffiaft has a crank in the 
middle, witli a long rod working iqion it. This being 
puffied backward and forward by a Iccond perfon, gave 
motion to the lathe. In the poredatn works of this coun- 
try, as has been deferibed under tiiat article, the lathe is 
generally turned by a rope palling from a pulley upon the 
perpendicular ffiaft to a large wheel at a dillance, which is 
turned by a boy. The firlt of thefe methods is convenient, 
as the workman can bell fuit tlie velocity to the Hate of the 
work, wliich varies very confiderably in throwing the fmalleH 
irticle. The labour, however, is fo great, that in throwing 
large articles there w^ould be great time loll. The two other 
metliods, although they afl’ord much cafe to the w^orkman, 
are very inconvenient, as the thrower lias coiiHanily to be 
fpeaking to the turner, in order to get the proper increafe 
of fpeed. Mr. Wedgewood lias the whole of his lathes, both 
for throwing and turning, turned by the Heam-cngine. The 
perpendicular ffiaft of the lathe h moved by an horizontal 
one, which is connc<Sled by two bevel wheels. The hori- 
zontal ffiaft is provided witli a long drum, from which a 
ftrap afeends to two conical drums reverfed, and working to- 
gether : this allows the ftrap to keep at the fame degree of 
tightnefs, while it traverfes from one cud of the drum to the 
other. From thefe drums, which are moved by the princi- 
pal one, motion is given to the lathe. During the throwing of 
any article, a feparate piece of machinery is turned by a 
boy, which caufes the ftrap to move, parallel to itfelf, along 
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the drum of the horizontal ffiaft, and at the fame time along 
the conical drum. This changes the velocity very gradually 
to its maximum, and returns to its ft o well motion, vdicn 
the w'orkman is finiffiing the article thrown ; the ftrap is then 
thrown on to a loofe pulley, which ftops the latlie. The clay 
is firll portioned into pieces fufficient for the article intended. 
At the fame inilant that the thrower places the pieces of clay 
on the face of the circular board, the ftrap is transferred from 
the loofe pulley, and the motion commences. The boy, by 
turning a wdnch, begins to move the ftrap from the fmall end 
of the conical drum to the large end, when the velocity is at 
its maximum, and wlicn the thrower, by means of his wet 
hands and a thin piece of wood, is giving the proper ffiapt* 
to the clay. At this point he begins to finiffi the article, 
and the ftrap is caufed to move back from the large to the 
fmall end of the drum, when the work is finiffied, the ma- 
chine IS flopped, and the thrown article cut oft* at the bafe 
with a piece of fmall wire. It is now carried to a proper 
place to be dried. When it has been dried to a certain 
extent, which the workmen call the gretm ftate, it is 
then taken to the turning lathe, which is fimilar to the com- 
mon lathe ufed for turning wood. Tliefe lathes, in Mr. 
Wedgew'ood’s works, are turned by the 11 earn -engine, and 
as, during the turning of each veffel, the velocity requires to 
be varied, the motion is communicated from two conical 
drums, fimilar to the throwing lathe, and the llrap is made to 
traverfe the drums by a motion given by the foot of the 
turner. There is alfo a contrivance for rcvcrling the motion, 
by which the turned furface is poliffied. 

The lame degree of drynefs which admits of the clay 
being turned in the lathe, to give it its proper finiffi and 
fnioothncfs, is alfo the proper ftate for fixing on the handles 
or other appendages, which cannot be effcdicd in the lathe. 
The parts to be added are previoufly made, and at a proper 
degree of dryiicfi are attached to the round work by means 
of a pulpy mafs, formed by clay mixed wfith water, which the 
workmen call JUf, The joined parts are then fmoothed off 
with a wet fponge. In this Hate they are taken to a Hove, 
which is nothing more than a room provided with fficlves, 
raifed from 8o to 90 degrees of temperature. When 
they are fully dried, if the articles be of fuperior quality, 
they are rubbed over with a fmall bundle of hemp, in order 
to take off any fmall bits left after the turning and handling, 
and to fmooth thofe parts which cannot be turned. The 
ware is now ready for the kiln, whicli is to convert it 
from a foft and tender Hate to a hard fubllancc, called 
hi/cuit, 

A great variety of pottery cannot be made on the lathe, 
its not being of a circular form. This is made by two different 
methods, the one called prefs-work and the other calling. 
The prefs-work is formed in mould# made of plafter, one 
half of the figure being on one fide of the mould, and the 
other half on tlie other fide : thefe fit accurately together. 
The clay is firll made into two fiat pieces, of the thickncfs 
of the articles ; one of thefe is preffed into one fide of the 
mould, and the other into the other fide, the fuperfluous 
clay being cut away, leaving it a little fluffi above the mould. 
The two fides of the mould are now brought together to unite 
the two halves of the article. The mould is now to be fepa- 
rated from the clay, and the article is finiftied as to form. 
It is now dried to the green ftate, when it is completed with 
any other parts to be added. All veffels of an oval form, 
or fuch as have flat fides, are made in this way. The fpouts 
of tea-pots, and all fimilar articles, are made in two halves 
in a fimilar way, and are attached to the veffels in the green 
ftate, when the handles are alfo put on. The handles, which 
are fometimes of an oval ftiape in their fedion, others ftuted 
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other white, at the end of the operation the mafs would be- 

come of an uniform grey colour. 

This latter procefs is ufually pradlifed immediately before 
the clay is made in mafles of proper fize for working into 
different articles. 

This change is alfo effcdlcd with more difpatch by a ma- 
chine, very limilar to that lidl ufed for cutting the crude 
clay into pieces. 

An upright fhaft works in a oylinder of cafl iron ; from 
this the radiant knives work in the plane of a fpiral thread, ex- 
tending to the circumference of the cylinder. The pieces of 
clay arc thrown into the cylinder in the ftate they are cut out 
of the evaporating veffel. The knives lidl a6t by canting them 
in pieces, and force them down the cylinder like a ferew. 
From the bottom of the cylinder extends an horizontal 
opening in the form of a parallelepipcdoii, the fedtion being 
about nx inches fquarc. The clay is forced through this 
opening, and cut off in lengths of about one foot each. 
Thefc maffes are again thrown into the cylinder, and palled 
through in the lame way feveral times, till they arc deemed in a 
proper ftate. The mafl'es are now, when time will admit, 
laid together for foine time, as the workmc'ii find that they 
work much better for lying longer. This we have ac- 
counted for from the equal force of affinity, which tends to 
eftablifli an equilibrium of the attradlive force of the clay 
for water in every part of the mafs. 

Having prepared the material, wc will now proceed to 
deferibe tlie methods of fonning it into articles of various 
forms. This is fo vci'y firnilar to the methods ufed in the 
munufadfure of porcelain, which we have already deferibed, 
that we fliall merely ftate fonie improvements in the machinery 
introduced by Mr. Wedgewood. The potter's lathe, which 
is ufed for throwing the different articles of a circular form, 
confifts of a perpendicular fhaft about three feet high, having 
a circular piece of wood at the top, the face of which, by 
the fhaft, turns parallel to the horizon, ’’rhe lower end of 
the fhaft runs in a flop ; the upper part has a neck a little 
below ibe circular piece of wood, wliich works in a focket. 
Formerly this perpendicular Ihaft was put in motion by a 
wheel, with fpokes faftcued upon it, which the workman 
moved with his foot. In others the fhaft has a crank in the 
middle, with a long rod working upon jt. This being 
puflied backward and forward by a fecond perfon, gave 
motion to the latfu*. In the porcelain works of this coun- 
try, as Ins been deferibed under that article, the lathe is 
gen(»rally turned by a rope jiafliiig from a pulley upon the 
perpendicular ftiaft to a large wheel at a diilance, which is 
turned by a boy. Tlie firll of thefe methods is convenient, 
as the workman can bell fuit the velocity to the ftate of the 
work, which varies very coiifiderahly in throwing the fmalleft 
article, l^he labour, now'ever, is fu great, that in throwing 
large articles there would be great time loft. I'he two other 
methods, altliough they aflord much cafe to the workman, 
are very ^'inconvenient, as the thrower has conftantly to be 
fpeaking to the turner, in order to get the proper increafe 
of fpeed. Mr. Wedgevvood has the whole of his lathes, both 
for throwing and turning, turned by the fteam-engine. The 
perpendicular fliaft of the lathe is moved by an horizontal 
one, which is conne^fed by two bevel wheels. The hori- 
zontal fhaft is provided with a long drum, from which a 
iirap afeends to two conical drums reverfed, and working to- 
gether.: this allows the ftrap to keep at the fame degree of 
tightnefs, while it traverfes from one end of the drum to the 
other. From thefe drums, which are moved by the princi- 
pal one, motion is given to the lathe. During the throwing of 
any article, a feparatc piece of machinery is turned by a 
boy, which caufes the ftrap to move, parallel to itfelf, along 


the drum of the horizontal Ihaft, and at the fame time alone 
the conical drum. This changes the velocity very gradually 
to Its maximum, and returns to its floweft motion, when 
the workman is finifliing the article thrown ; the ftrap is then 
thrown on to a loofc pulley, which flops the lathe. Th(‘ clay 
is firll portioned into pieces fufficient for the article intended 
At the fame inftant that the tlmower places the pieces of clay 
on the face of the circular hoard, the ftrap is transferred from 
the loofe pulley, and the motion commences. The boy, by 
turning a winch, begins to move the ftrap from the fmall end 
of the conical drum to the large end, when the velocity is at 
its maximum, and when the thrower, by means of his wet 
hands and a thin piece of wood, is giving the proper fliapc 
to the clay. At this point he begins to finifh the article, 
and the ftrap is caufed to move back from the large to the 
fmall end of the drum, when the work is finiflicd, the ma- 
chine is ftopped, and the thrown article cut off at the bafe 
with a picc(‘ of fmall wire. It is now carried to a proper 
place to be dried. When it has been dried to a certain 
extent, which the workmen call the ftate, it is 

then taken to the turning lathe, wliich is fimilar to the com- 
mon lathe ufed for turning wood. Thefe lathes, in Mr. 
Wedge wood's works, are turned by the tteain-engine, and 
as, during tlie turning of each veffel, the velocity requires to 
be varied, the motion is communicated from two conical 
drums, fimilar to the throwing lathe, and the ftrap ismcfdc to 
traverfe the drums by a motion given by the foot of the 
turner. There is alfo a contrivance for reverfing the motion, 
by which the turned furface is poliflicd. 

The fame degree of drynefs wliich admits of the clay 
being turned in the latlie, to give it its proper finifti and 
fmoothnefs, is alfo the proper ftate for fixing on the handles 
or other appemdagos, which cannot be efl’e^led in the lathe. 
The parts to be added are previoufly made, and at a proper 
degree of drynefs are attached to the round work by means 
of a pulpy mafs, formed by clay mixed with water, which the 
workmen call Jlip* The joined parts are then fmoothed off 
with a wet fponge. In this ftate they arc taken to a ftove, 
which IS nothing more than a room provided with fhelves, 
raifed from 8o to yo degrees of temperature. When 
they are fully dried, if the articles be of fuperior quality, 
they are rubbed over with a fmall bundle of hemp, in order 
to take off any fmall bits left after the turning and handling, 
and to fmooth thofe parts which cannot be turned. The 
ware is now ready for the kiln, which is to convert it 
from a foft and tender ftate to a hard fubflancc, called 
I'ljcuitk 

A great variety of jiottcry cannot be made on the lathe, 
its not being of a circular form. This is made by two different 
methods, the one called prefs-work and the other calling. 
The prefs-work is formed in moulds made of plafter, one 
half of the figure being on one fide of the mould, and the 
other half on the other fide: thefe fit accurately together. 
The clay is firft made into two fiat pieces, of the thicknefs 
of the articles : one of thefc is prefied into one fide of the 
mould, and the other into the other fide, the fuperfluous 
clay being cut away, leaving it a little flulh above the mould. 
The two fides of the mould arc now brought together to unite 
the two halves of the article. The mould is now to be fepa- 
rated from the clay, and the article is finilhed as to form. 
It is now dried to the green ftate, when it is completed with 
any other parts to be added. All veffels of an oval form, 
or fuch as have flat fides, are made in this way. The fpouts 
of tea-pots, and all fimilar articles, are made in two halves 
in a fimilar way, and are attached to the veflds in the green 
ftate, when the handles are alfo put on. The handles, which 
are fometimes of an oval lhape in their fedlion, others fluted 
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through it. This valuable property ot bilcuit earthen-ware 
has lately been applied to the conllru6h‘on of veffels for 
cooling wjne and other liquids. The water palfes from the 
inner to the outer furface, and conltantly prefents a humid 
furface to the atinofphere, which by evaporation carries off 
much more heat than would be carried off from dry fur- 
faces. Mr. Leflie has lately made an ufeful inftrument, by 
taking ad\\uitage of this properly of the bifeuit for View- 
ing the evaporating power of the air. 

The next )jrocefs i;i to render the bifeuit fit to hold 
liquids, by filling up lie* ports, and coating the furface with a 
vitreous fublfance. This procelu is called gl.r/ing. A great 
variety of fubHaue^’s nui) \k' ufed fortliih purpofe. Poiind*‘d 
glafs would conllitut'' a ghr/.ing tor earthen-ware, \vh#»re the 
colour of tile body is vv]fh<“d to be fecn tlirough the glazing. 

coinpolition for < artlieu-ware, whicli we have given m 
this account, is capable of forming two varieties merely 
from th«* nature of the gla/:ng. When the glazing is Iranl- 
parent and coloiirl ds, the colour of the body is feen, whicli 
having a yellow ifli tint from tlie preleiice of a fmall quan- 
tity of oxyd f)f iron, it is called cream-coloured ware. 
When the gla/mg i> rendered a little opaque and of ablueifh 
tint, by th'^ pretence of tm or arfcnic, and a fmall portion 
of oxyd of cobalt, u acquires a milky or opal appearance 
of a blueifli-whitc colour. 7^he glazing formed vvitli pounded 
glafs, may be contidered as a compound of flint and potafh, 
or foda ; lumce it can be made of difi'erent degrees of fulx- 
bility by the addition of flint or alkali, 'rbefe glazes are 
found to have fume incmuvcnieuces, the principal of which is 
their not expanding and ('ontra6ting cqUably wdth the body. 
The glaze is liable to crack and foiiKtimes pee! off. Earthen- 
ware glazed with this fubflance may be frequently obferved 
to abound with innumerable cracks on the furface, wliicli 
are permeable to greafe or any other fluid. Sueh vefl'cls 
foon lieconie very difagreeable, efpecially when heat is applied 
to them, capable of burning the fubftanccs by which tliey 
have been penetrated. 

No glazing has yet been difeovered for common earthen- 
ware which is free from the above objedrtion, without tlie 
ufe of lead, which, on account of the poifonous quality of 
that metal, fhould, if poflible, be avoided. 7'he oxyd of 
lead, even in its vitreous ft ate, and combined with flint or 
clay, is fo complete!) foluble in acids, that bad confequenecs 
have arifeii by eating pickl(?s from jars glazed with lead. 

The trarfjiarent glaze ufi’cl for tlie cream-coloured ware, 
is generally compofed of oi^yd of lead and ground flint, in 
equal weights. White lead is preferred, but it is not lo 
economical as litharge or minium. In the commoneft 
earthen-ware, galena (fiilplmret of lead) is made ufe of. 
The oxyd of lead and the flint are firft ground to an ex- 
tremely fine powder,’ and then mixed with water, to gi\e 
the wliole the confiilency of cream. The bilcuit, being lirli 
made cleiiu, is dipped into the pulp, and drained out ; it is 
then turned about rajudlyinto various pofitions, to prevent the 
glaze from Ivnig thicker in one place than another. During 
tins change of pt)fition the water of the glaze is abforbed 
by the bifeuit, leaving the folid matter of uniform thicknefs 
upon the furface. This part of the procefs is called dip- 
ping. The ware is now placed in the fagars and put 
in the kijn, cxa6tly the fume as in the bifeuiting procefs. 
The fire is not raifed fo high, nor fo long continued, being 
only luflicient to bring the glaze into pcrfcil fufion. Diflies 
and plates, when placed in th^ fagars for glazing, may be 
put one upon another, by placing fmall itands of earthen- 
ware between them, prefenting three fmall points only to 
liach of the furfaccs. When this ware is brought from the 
kiln, it is confidered finifhed. 
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The ware called white ware is made of the lame material, 
andmanufaftiired precifely in the fame way, as far as the bif- 
euiting. Formerly it ufed to be painted after glazing, and 
had a fecond firing, fimilar to porcelain. It is now printed 
wdth copper-plate prints almofl always with oxyd of cobalt, 
w'hich makes the figures of a blue colour. It is jn this date 
called blue and white ware, and conflitutes an important 
branch of the Staffordfhire pottery. 7'he fuhjc£ls of the 
prints are generallyvile imitations of the paintings on the 
Chinefe porcelain, which arc of thcinfclves fliocking. 

The prititiiig is performed while the ware is in the ftatc 
of bifeuit, and the glazing laid over the colouring matter. 
77ic dcfighs for the ware are engraved upon copper-plates, 
and prints taken from tliefe, as in common copper-platc 
printing. I’iie furface of the paper to receive the im- 
ppdfioii is firll fmeared over wijlh foft foap. The plate and 
the rollings prefs are conftantly kept warm. Tiie colouring, 
which for the It/ur and fivkite ivare is oxyd of cobalt, isgreatly 
diluted with fome colourkfs earthy matter ; it is ground up 
with boiled 1 infeed oil, fiich as is ufed for printing ink : its 
coiiliiloncy, when laid on the plate, being that of foft 
palle. The paper, prepared as abo\e mentioned, is now laid 
upon the plat< , and palled through thv^ rolling-prefs. The 
printed part is now cut out of tlie paper, and being moif- 
tened is laid upon the bifeuit. Tlie colouring matter is now 
inllantly ablorbed by the bifeuit. This being dqne, the paper 
is wafhed from tli*' bilcuit in a tub of clean water. The 
colouring matter will now be feen very plain on the furface 
of the pottery. 

The ware, having received the colouring matter, is now 
fet to dry up the water, and is then dipped in the glazing 
pul]) precifely in the fame way as the cream-coloured ware. 
The glazing material, it will be remembered, differs a little 
from the latter, in containing a little oxyd of cobalt, which 
gives it a blueifh tint, and gives the idea of greater white- 
nels. Tlic goods arc fired in fagars, as has been already 
deferibed. The oxyd of cobalt now becomes of a beautiful 
blue, under the glaze. If, inltead of the cobalt, a mixture 
of the ox yds ot iron and manganefe be employed, the 
figures will appear of a black colour, which gives the effecl 
of an engraving, and is much more lieautiful and coiifillent 
than the cobalt. In fome potteries pencillih^^ is pradbifed to 
great extent. 77iis confifts in laying on tlic colovirr. with 
enamel, atl«*r tlie gl.i/ing. 7’'his work is very cxpcnliM, 
and is not lo general a'> formerly, ^liis procefs is fo fiiniLir 
to that ufed in painting porcelain^ that we fliall reft r the 
reader lo that article. 

I,ately, another variety of ware lias been introduced, 
which is by the potters called lujire : it confifts in fixing 

f old or platina upon the furface of tlie glazing. 7'he fub- 
aiice from which the platina lullre is procured, iRobtaim‘d 
by dillolving platina in equal parts of the nitric and muriatic 
acids with heat. When tht' whole Is diffolvcd, add to the 
folution a folution of muriat of ammonia, but yellow precis 
pitate will fall to the bottom : continue to add the latter 
till no more is ))ri cij)itated : decant, off the clear liquor, and 
add frefh portions of hot water, till it beromes taftelefs ; 
drive ofl‘ the liill portion of water by heat, and preferve 
the dry pow4er for ufe : let this pow'dor be ground, with a 
fmall portion of enamel, in oil of turpentine : fpread this 
thinly over the glazed furface of the plain earthen-ware 
above deferibed. The ware is now to be expofed to the 
heat of an enamel kiln, which is a red heat. The platina 
affumes its metallic form, which acquires greater brillianc) 
by the prefence of the glaze. 

The precipitates from gold may be laid on in the fame 
w'ay. The glazed ground, however, on which the gold is 
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laid, is of a brown colour by adding the oxyds of iron and 
copper to the glazing matter. By this mean^ the yellow 
colour of the gold with the brown glaze, gives the luftrc 
the colour more of copper than of gold. It is probable that 
the luftre is, or may be produced by fmcaring the glazed 
furface with the liquid folution of the metal, in a very dilute 
(late. The liquid may contain a little gum, and a little 
enamel mixed with it, when fpread upon the articles to be 
luftred. 

A very coarfe earthen-ware made in Perfia, which wc 
have alluded to in a former part of this article, pofl'eflcs 
metallic luftre, which is doubtlefs given by gold in the way 
juft deferibed. 

The moft perfeft pottery, particularly fo far as regards 
excellence of workmanfhip, has been maniifa£fured by the 
late Mr. Wedgewood, and fincc by his fons. Among the 
moft fuperb of their productions are their imitations of 
jafper, manufactured into vafes, medallions, and other orna- 
mental forms. The fubftance of whicli tliey form their 
mortars, and a variety of chemical utcnfils, is extremely hard, 
and is not aCted upon by acids. 

The black and the yellow ware made by MefTrs. Wedge- 
woods, of which tlielatc Mr. Wedgewood was the inventor, 
pofleffes great elegance, and a very compaCt body. The 
black ware owes its colour to the prefence of oxyd of iron, 
and a fm.'ill portion of oxyd of mangancfc. The yellow 
ware, which is fimilar in texture, owes its colour to the 
prefeiicc of a little iron alone. A great number of places 
fiirnifh natural products capable of airnining this yellow 
tint. The compaCtnefs of tlie body is effeCted by ufing lefs 
flint in the compofition, and giving it more heat in tlie burn- 
ing. This bifeuit is fo compaCt that it does not require to be 
glazed, and this is what conftitutes its great excellence. Its 
beauty ie much greater in being deftitute of the glaze or 
vitreous coating, wliicli, when it is managed in the belt way 
poflible, is but a miferable imitation «f a poliHied furface. 
That fpecies of ware which, from its great hardnefs, has 
been called ftone-ware, is not encouraged fo much as it 
deferves. It is employed for the moll common, and the 
cheapeft articles, when it ought to be ufed for all domcftic 
pottery. Every other kind, excepting the true porcelain, 
is objectionable on account of its porous texture, and the 
lead contained in their glaze. Every fpccies of clay capable 
of bearing a great heat, may be employed in the manufacture 
of llone-ware. Thofe which contain much oxyd of iron 
cannot be employed, as they v'^-nild be liable to foften, and 
even to melt in the heat required for glazing. 

This manufacture is at prefent alrnoft entirely confined to 
bottles, particularly thofe ufed for foda water and artificial 
mineral waters, their texture being lufficicntly clofc to 
hold gas compreffed to fevcral atmofphercs. 

The clay is prepared in the farm* way with that ufed in 
making the pottery already deferibed. Indeed, there would 
be no difference in preparing the vcffels for the kiln, whether 
formed by throwing, preffing, or calling. It is fimply in the 
burning and glazing that the difference confills. In making 
the common articles, the velfels arc piled up in the kiln, and 
expofed to the naked fire, without being defended by fagars. 
It is on this account that they receive a much greater 
heat than the common earthen-ware. When the heat has 
arrived at its maximum, a quantity of common fait (muriate 
of foda) is thrown into the body of the kiln. The fait 
rifes in vapour, which fpeedily envelopes the hot ware, and 
glazes it as completely as in any other way, if the heat be 
lufHcient. It is likelv that the fait is dccompofed, the acid 
flying off, while the foda combines with the earths of the 
pottery, forming a vitreous coating. The fmoke being in 
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contaCl with the ware, gives it a brownifh colour. The 
fraClure is clofe and compaCt, and its ftrength much greater 
than the common white ware. This pottery might be ex- 
tended to a variety of other articles for culinary purpofes, 
and with proper contrivance in the conllrudlion of the kiln, 
articles might be made with as nuicli lalle and elegance as 
any other. 

When the Dorfetfinre clay is employed, and tlie ware 
defended from the Imokc while burning, and at the time tlie 
fait is thrown in, the colour of the ware would be white, aiid 
the glaze tranfparent. When tlie clay is not fufficiently 
white, it may be rendered lo fuperficially by dipping the 
dry wan*, before It goes into the kiln, into a mixture of 
Cornwall clay and water in the Hate ol a tliinnilh pulp. It 
is taken out, and turned about, as in glaze dqiping, in 
order to fpread the coating uniformly, 'i'he water js abforbed 
by the dry ware leaving a coating of the white Cornwall 
clay upon the furface. A dip made with water and a fine 
powder of the Cornwall Hone, would anfwer better than the 
latter, as it wonhl more i afily fufe with the fublimc'd fait. 
The wdiiteiiefs of the Dutch tihs is produced in this way, as 
the body will bi* foiiiul ot a dirty grey colour. 

The moft coinnion and vvorft kind of (*arllien-warc made 
ill this country is lorincd of common clay iiftd for bricks. 
The wnire, after being rudely formed, isS vtry lliglitly burnt, 
and afterwards glazed willi a conijiolilion of galena (fill- 
phuret ol lead), oxyd of inanganefe, and tlie clay of the 
ware. 'I'lie glazt* is of a dark coknir, approaching to black. 
The lead in this ware is ealily att.ickfd by acids, and ihould 
not be ufc(l where they are liable to be prefent. The fame 
earthen-ware, unglazcd, is ufed for garden pots, 'tiles, and 
tubes for draining land. 

We ftiall conclude tliis article w'ilh fomc account of the 
methods of forming crucibles, retorts, and tubes of earthen- 
ware. 

Thcfe veffehs are rt'rpiired to poffefstwo very cflential qua- 
lities ; firll, they fhould bear the naked fire wdtliout crack- 
ing ; and, fecondly, they Ihould bear the heal of the hottell 
furnaces witlioiit fufing. The retorts and the tubes Ihould 
atleall pollcfs the firft property, and require a greater clofc- 
nefs of body more tlian that required for crucibh‘s. 

The crucibles called Helliaircnicibles have held a high 
character, both on the continent and in this country, but 
they arc not iifeful for .ill purpofes. Tlie Dutch crucildes, 
which contain plumbago, are well calculated lo bear fudden 
changes of temperature, but become very tender, and fufe 
at a high teinperature. 

A fimilar mauufadurc is carried on at Chelfea ; the cru- 
cibles are quite as good as the Dutch onc^, and of a much 
better form. 

Very excellent crucible.s are made of tlie Stourbridge clay, 
particularly for melting call-iron and ftecl. This clay is 
worked up wdlh the pow'der of tlic broken pots, w’hich has 
the cffedl of making the pots Hand fudden changes of tem- 
perature. It has been lately found, in tlie call -ft eel w'orks at 
Sheffield, tliat the bell crucibles fur their purpofc are formed 
of the Stourbridge clay, worked up wnth pow'dered coak 
of pitcoal. This enables the crucibles lo bear fudden 
changes of temperature, and at the fame time to bear the 
greateft heat of our bell air-furnaces. The Cornifh clay 
might be ufed with pounded coak wftth fimilar fuccefs, and 
might perhaps be fuperior to the Stourbridge clay for 
earthen retorts and tubes. None of thefe articles Ihould be 
very hard burnt, a.sthey wilt, in confequence, be more liable 
to crack with fudden heat, and even in the regular way of 
bringing them up with the fire. 

Pottery, Chinefe* See Porcelaix. 
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PoTTKnY, Thci or The Potteries ^ in Geography^ an ex~ 
cnfivc tract ot country in tlic liundred of North Pyrehill, 
lid county of StalFord, En^dand, comprehends an area of 
bout ei^ht rnilos Jonj^ and hx broad, and is perhaps the 
molt populous and buly of any dillridt of limilar extent in 
Great Britain. It d(*rived its name from being almolt ex- 
clulively appropriated 1(. cxtenhve manufactories of earthen- 
ware, tor which its fit nation and peculiar charaCterillics are 
excellently adapted. The foil prclenls, in almolt every part, 
a great vant*ty of clays; covering rich and productive Itraia 
of coal, which lying in general near the furfiice, are wrought 
at a comparatively Irnall expimce. 7 ^]iefe Ural a are uliially 
divided by veins of clays, moll of which form excellent 
lire-bricks for conltruCting potter’s kilns and fagars, to burn 
the ware in. Finer clays alfo are plentiful in many places; of 
wliich ill former times the bodies of the wares themfelvcs 
were wholly manufactured. To thef<^ advantages, joined to 
the inaptitude of the foil for liuHiandry purpofes, this dillriCt 
is doubtlefs indebted for its feleCtion as the feitc of its jire- 
lent Itaplc* manufactories. Wlion this originally occurred is 
Utterly unknown, but the cxiltence of fomc kind of earthen- 
ware manufactory can be traced at leall tu'o centuries back. 
Its jirincipal feat at that period was the town of Burflem, 
whieli was called a butter pottery ; that is, a manufactory 
of pots for the prefervalion of butter ; and under that name 
it is marked in feveral old maps: but this eiiabllfhmcnt feems 
to liave been, even fo late as the yc'ar 1686, very inconfi- 
derable, as Dr. Plot, in his “Natural Hilloi*)” of the 
county, fays, tha^ the fale of its produCls was chiefly “to 
the poor cratc-m».n, wlio carried them at their backs over all 
tlic country.’* All the ware was then of a coarfe yellow, 
red, black, and mottled kind. The common glaze was 
produced by lead ore finely powdered, and Iprinklcd upon 
the pieces of wire before firing ; fometimes with the addi- 
tion of manganefe. Occafionally, when tlie poller wiflied 
“to fhew the utmofl of his fkill,” he employed, inftead of 
lead ore, calcined lead itfelf, but Hill fprinklod it on, in the 
fame rude inamier. 

The era of improvement commenced about the year 1690, 
when two ingenious Dutchmen, oi the name of Elers, lettled 
here, and introduced the praCtice of adding common lalt to 
the clay when at its hlgliell heat, in order to give it a fuper- 
ficiaJ vitrification. I'iie fame individuals alfo introduced the 
manufiiChire of anew fpecies of ^^are, in imitation of the 
unglazed red china of tlic Eali ; and ihc^ clays here being 
fuitablc for the purpofe, they fuceveded wonderfully for a 
firll attempt, fo that many of their tea-pots are faid to have 
fold as high as a guinea each. The next improvement was 
made in the fubllance of the ware itfelf by a Mr. Aflbury, 
as tradition allerts, through this incident. Being on his way 
to Eondon, he happened to have powdered flint recom- 
mended to him to cure forne difordcr in his horfe*s eyes, 
and accordingly a flint Hone was thrown into the fire, to 
render it more eafily pulverablc, which changing to a pure 
white by the influence of the heat, the potter was llruck 
with the idea, that his ware might be improved by an addi- 
tion of tlie lame material to the whitolt clays. He tried 
the experiment with tobacco-pipe clay, and the event proved 
fully aiifwerable to his expe6\ati<.»n. Thus originated the 
nvhite Hone wares, which foon fiipplanted the coloured ones, 
and continued for many years the llaple branch of pottery 
in this country. 

It was, however, about the year 1760, that the mofl im- 
portant improvements began to be made in the Staffordfhire 
potteries, by the late Jofias Wedge wood, efq. This gen- 
tleman not only improved the compofition, forms, and co- 
lours of the old w'ares ; but likewife invented, in 1763, a new 
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fpecies of ware, for which he obtained a patent, and which 
being honoured by hermajefly’s approbation and patronage, 
received the name of Queen’s ware. Continuing his experi- 
mental refearches, Mr. Wedgewood afterwards invented 
feveral other fpecies of earthen-ware and porcelain, of w'hicli 
the .principal are : l . A terra cotta ; refembling porphyry, 
granite, Egyptian pebble, and other beautiful llones of the 
iiliccous or cryftalline order. 2. Bafahes^ or black ^ufare ; 
a black porcelain bifeuit of nearly the fame properties witJi 
the natural Hone, receiving a higli polifh, refifting all 
the acids, and bearing witliout injury a very llrong Hre. 
3. White porcelain bifeuit ; of a fmoolli wax-like appearance, 
of fimilar properties wi>h the preceding. 4. Jafper ; a 
white porcelain of exquifite beauty, pollefling the general 
properties of bafaltes ; together witli the Angular one of 
receiving through its whole fubftance, from the admixture 
of metallic calces, the fame colours which thofe calces give 
to glafs or enamels in fufion ; a property pofl'efied by no 
porcelain of ancient or modern compofition. 5, Bamboo^ 
or cane-coloun d bifeuit porcelain, of the fame nature as the 
white porcelain bifeuit. And 6. A porcelain bifeuit re- 
markable for great bardiiefs, little inferior to that of agate ; 
a property which, together with its rcfillance to the 
llroiigcll acids, and its impenetrability to every known 
liquid, renders ii well adapted for the formation of mortars, 
and many diflerent kinds of chemical veffels. For fomc 
furtlirr account of this gentleman’s difeoveries ; fee WkixtE- 
tvooo, JOMA.S. 

The above fix diflindl fpecies of ware, together witli the 
queen’s ware firfl noticed, have increafed, by the induffry and 
ingenuity of different maiuifatturers, and particularly by Mr. 
Wedgewood and his fon, into an almoil endlefs variety pf 
forms for ornainrut and life. varioufly painted and 

cmbellilhed, conltitute nearly the whole of the prefenl fine 
earthen-wares and porcelains of Englifh manufadturc. 

The mimb(T of perfous who derive their fupport from 
the ma.infjctunng part of tlie pottery bufinefs alone, in- 
eliid.iig I fie wives and children of thofe employed in it, is 
compuad to exceed 25,000 perfons ; and proliahly tlirec 
times that number depend for bread on the Ldiour it creates, 
jiarticularly in the tollicrii-s, in procuring tlie raw material 
From feveral dillant jiarls of the kingdom, and in the inland 
navigation comit'6^ed with tlie laim, and of the manu- 
factured product. Tin pottery diflnCt lies chiefly jn the 
pariflies-of Burflem and Stoke ; and, as happens in inofl ma- 
nufacturing diflrii^ts, it ih remarkable for Uit* great diver/ity 
of opinion which prevails among its inhabitants on the fub- 
jedf of religion. Of tlie various feCts, however, the Metho- 
difls claim a decided fiiperiority, in jioint of number, over all 
the others. Tlic principal towns and hamlets comprifed 
within the limitt.of The Pottery, are Stoke, Hanley, Shelton, 
Golden-Hill, New-Field, Smith-Field, Tunilall, Loug-Port, 
Burflem, Cobridge, Etruria, Lane-End, Lower-Lane, and 
J^ane-Delft. 

6Vo/v, or, as it is commonly called, Stoke -upon-Trent, has 
recently been conflituted a market -town ; and has a market- 
houfe lurnifljcd with all the accommodations requifite for its 
objeCl. The church is an ancient and fpacioiis edifice, in the 
later Norman Hylc of architecture. Like moll other parts 
of The Pottery, this town has increafed in fize and import- 
ance fince the Staffordfliire canal was cut. It contains many 
handfomc buildings ; and from its proximity to a wharf 
upon the canal, is moll conveniently fitnated for trade. At 
this place the firll Ileam-engine for grinding burnt flints, 
ereClcd in this country, was ellablilhed about twenty years 
ago by a gentleman named Spode. The earthen-ware ma- 
nufactories here are numerous ; and many of them are upon 
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an c^tenfive fcak, Clofe to the town the canal is earned 
over the river Trent, by means of an aquedud conftruded 
entirely of brick. 

HanUy is iituated about two miles northward from New- 
caillc-under-JLine. This town alfo has a weekly market on 
Monday ; and is diftinguifhed for the neatnefs and regula- 
rity of its ilrcets, and the elegance of many of the houfes 
which comjvofc them. Here is a church, which was founded 
in 178B; alfo feveral chapels and mecting-houfes appro- 
priated to the worfhip of diffenters. 

Shelton is a very cxtenfive place, but has not hitherto been 
conftituted a market-town. It is particularly deferving of 
notice on account of its china manufa(^ure, which rivals the 
famed porcelain of the Eafl. The ingenious Mr Champion 
of Briliol, who difeovered the art of making this fpecies of 
ware, expended an ample fortune in various trials, but 
having fucceeded ultimately in bringing it to perfedion, he 
obtained a patent for it, which he fold to the firm of Hollins, 
Warburton, and Co. As the canal pafles Shelton, tlicre 
are a public wharf and llorc-hoiifcs upon it, for tlie landing 
and fafety of goods. 

Golden-Hilly ^rom its name, one would fuppofe to l>e a 
confidorable and even fplendid place ; but 01 comparifon it 
is found to be the lead fo of any in The Pottery. Its 
valuable mines of coid, however, makt* ample amends for its 
other deficiencies, and from the richnefs of thofe mines 
it derived its name. At the upper end of this village is 
Green-lane, which commands a mod iinhounded and beau- 
tiful profped, on the one fide over the greater part of 
Chefliire, and on the other over the wdiole extent of The 
Pottery, and a large portion of the ccnintry adjoining. 

Nenv-Field is well lituated for maiuifafturing purpofes, 
from the ^rcat plenty of coal in its immediate vicinity, but 
as it belongs wholly to one perfon, who lias a haiidiome feat 
clofe to the village, there are fewer pottery cllablifhments 
here than would otherwife liave been the cafe. 

Smlth-Fieldy like New-Fleldy is well fitnated for carrying 
on pottery manufadories, having feveral drata of coal and 
clay clofc adjoining ; but fimilar roafoiis prevent their being 
increafed and extended in the lame proportion as in fome of 
the other villages in the didrifl. 

Tunjlally including its environs, is the pleafanteft village 
in The Pottery. It ftands upon high ground, at the didftnee 
of four miles northward from Newcadle, and appears to 
have been formerly the feite of a religious inddution, of 
which fome remains were vifible about the middle of the lad 
century. Thefc, however, are now completely gone ; and 
a neat ihapel has been eroded on or near the fpot which 
it occupied. The principal works here are for bricks 
and tiles ; the clay being of a very fuperior kind for the 
manufadure of fuch articles. The tiles made from it, }n- 
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deed, by good management take a blue colour, which renders 
them almod as fit for roofing as flates. 

Long-Port is fitnated in a valley between Newcadle and 
Burflem. It has many good buildings in it, and feveral 
large and cxtenfive maiiufadories ; but owing to its low pofi- 
tion, it is at times difagrccable from thefmoke Iianging upon 
it longer than it commonly doi's upon higher ground. The 
Staflfordfliire canal pafles this village, and has a public wharf 
upon it. 

Burjlrm, as already dated, is the mod ancient town in the 
whole Pottery, and was undoubtedly the fird feat of the 
earthen-ware manufadure in Staffordfhire, and perhaps in 
Great Britain. Plot, in his “ Natural llidory** of the 
county, makes particular mention of the potteries at this 
place, and points them out as the greateft of the kind then 
Known. This author, like wife gives an ample detail of the 
proccls of making the ware in Ins days. Burflcm hat two 
markets weekly on Monday and Saturday, but that on 
Monday is by far the mod confiderable. Here are alfo re- 
gular annual fairs, cdahliflicd about twenty “years ago, for 
the falc of Cattle, The church, which is parochial, is an 
ancient drudiire, but has been much altered, enlarged, and 
modernized within the lad twenty years. The Methodids 
have two chapels in Burflem, and are very numerous. 

In this town ’is a great variKy of other fedarians. 

Cobridgcy which is fitnated partly in the parifh of Burflem, 
and partly in that of Stoke, is a very large and populous 
village, and pofleffes fpacious rnanufadorics “ of the daple 
articles of the country cart hen- ware ni 

Etruria is a large villagt*, in vvlii h is a Icut belonging to 
Jofias Wedgewood, efq., who has the mod cxtenfive manu- 
fadory here of any in 1 'lie Pottery. The name Elniria was 
bedovved upon it by the father of the prefent proprietor, 
whofe inventions and dilcoverics have not only, as before 
mentioned, advanced his own particular art, but have con- 
tributed in a high degree to the enlargement of natural 
knowledge in general. 

Lanc^Endy Lowcr-Lancy and Lanr-Dclft adjoin, and con- 
clude The Pottery on its eadem boundary. The fird men- 
tioned of thefe towndiips is by far the mod confiderable 
of the three, containing, according to the returns for 181 
1097 houfes, and 4930 inhabitants. Here arc a chapel of 
eale to Stoke, a Methodid diapel, and feveral meeting- 
houfes for diffenters. Among the Icfs important places in 
this didrid, where maniifadories of earthen-ware are eda- 
bliflicd, arc New-Chapcl, Wollhiiton, Rcddreet, and Nor- 
ton, which are the mod confiderable, A Deleription of the 
Country from thirty to forty Miles round Mancheder, by 

. 1 . Aikin, M.D., 4to. Shave 's Hidory, &c. of Stafford- 
fliire, fol. vol. i. 
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PRESS, a machine of moftcxtonfive ufe in the mechanic 
arts, for fqiieezing or comprcfTing anv fubftance very clofe, 
and alfo to retain the matter under the prefiurc as long as 
may be reqiiired- 

All prefles conllft of tlic following parts: ill, two flat, 
finooth tables of wood or metal, between which the fub- 
llances to be prefled are placed ; 2dly, the frame, or cheeks of 
wood or metal, which unite and retain the two together ; atid 
3dly, the mechanical power, by which the prefTure is cflcCtcd. 
This is generally a ferew, or two ferew^s, turned by ^ Idiig 
lever, or by wheel work. At other times a rack is employ- 
ed, and moved by a pinion turned by wheel work, to give 
it a great power. Some prefles ufed for ex prefling of oils are 
a6luated by a wedge driven by a hammer or flam per, (fee 
0\L-Mill,) and in others, the preflure is produced by means 
of a powerful lever, and retained by a rack and click. Of 
late years the hydrollatic prefs has been produced, acting by 
the preflure of water or otlier fluids in cylinders. We fhall 
now fpeak of -the different kinds of prefles. 

Scrcw-^preJJes are thole in which the preflure is caufed by 
means, of one or more ferews ; the molt common have a fingle 
ferew, formed either of wood or iron, which at its lower 
end has a globe-head, with four holes through it, for the 
reception of the end of the lever employed to turn the ferew ; 
the thread of the ferew is fitted through a nut, fixed fail in 
the liead of the wood, or iron frame of the prefs. This frame 
confifts of a lower bed, or horizontal piece, on which the mat- 
ters t0 be prefled are laid, two upright checks being firmly 
united with it, and fupporting the head, or upper hori- 
zontal piece of the preft, in which the nut of the ferew is 
fixed ; the lower point of the ferew is united wuth the fol- 
lower, or moving bod of the prefs, and this refls upon the 
fubllunces to be prefled, and thepow^T of the ferew forces 
it downi upon it. 

A drawing of this prefs, with its lever, and alfo a wind- 
lais to work it with immenfe powder, wnll be found in Plate XL 
A^yuulturey as applied to exprel's the juice of fruit for cider, 
'riic fame kind is alfo employed for expre fling fomc vegetable 
oils, but generally with iron framing, becaufe of the great 
firength required ; for packing cloth, paper, and Other 
goods ; alfo in the paper-mills, for flulterung and rendering 
paper folid \ and in the manufaMure of woollen cloth, for 
glezing and fetting a finilh upon the article in its lall itage. 

Two elevations of a very good ferew-prefs for a paper- 
mill art* given in Jigs* 6 and 7 of Pla/c 11 . Paper-^MtU* A A 
is the bed, formed of an iinmciife beam of oak ; and each 
of the cheeks, B, confilts of a lung iron bar b b, {Jg^ 7.)* 
ends of which are welded together, lo that it lurins a long 
link, one end of which receives th? end of the bed A, and 
the other the end of a maflivc call-iron crofs bar or headD, 
through which the ferew, E, is received, and its nut fixed 
fail therein. The open Ipaccs of the long links or cheeks, 

b, are filled up by rails of w'ood, C, which fupport 
the weight of parts of the profs when it is not in action, 
but theie bear nothing, w*hen the prefs has any articles under 
preflure in it ; thefe articles are laid at H, on the bed, and 
the follower, G, is prefled upon them by the ferew, when 
it is turned by a long lever put through the holes in the 
ferew-head F. The ferew^s employed for paper prefles are 
generally formed with fuch coarfe threads, and lo rapid a 
Ipiral, that the elaflicity of the paper is fufficient to force it 
to run back. To theie a ratchet -wdicel, J3 iixed, and a 
click, Cy (Jg^ 8.) is applied to its teeth ; to prevent its return^ 
the click is fupported on a bar b dy which move* on a con- 
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J JJ. When the profs is to be roboM il, llie eml, /, of the 
catch js driven back ; this relieves the bar dh, and tlic 
click no Ion, rev det.iniinjr the ratdiot-vcheel, the ferew, rims 
back. 

I he Icrews fin' prclTes wei'c formerly made of wood, 
with lliarp threads, that is, the worm of the ferew, if cut 
acrofs, would make a tri agular fecHion,. the bafe thereof 
abutting upon the cylinder of the fi-n w. In thisi method it 
was iiecefiary to have the tlirt ads very coarlc, to give them 
iiiflicient llrength, and then the power of the fir 'w was not 
lo great as 111 the modern prefles, where the Icrevvs are made 
of iron, and their threads need not he above one-third or 
fouith tile diflance afunder, lo have the fume llrength. 

Another advantage of the iron ferew 15, that tlic fritlion 
is lo much dirniHifhed, that a far greater prefTure can be ob- 
tained by the lame exertion of the people who w'ork it. 
Tlie frames of the modern prefles are alfo made of iron, 
wood being found incapable of re/i fling the drain of a fevere 
preflure, for any conlidervible length of lime ; as all the 
fibre':, even of the hardeft oak, become feparated into rib- 
bands, and then break one at a time, till the whole beam 
fails. 

Another kind of ferew -prrfs conflfls of tuo ferews, which 
are immoveably fixed in the lower board or bed, and pafllng 
through holes in the upper board, have nuts uj)un them, 
which being turned by a lever, draw the two boards to- 
gether, and exert a preflure upon any thing placed between 
th cm. Sometimes the ferews pafs through the upper board, 
and are tapped into the lower one; then the ferews them- 
felvcs are turned round by a lever put through their heads, 
inflead of turning the nuts. Prefles of this kind, when ac- 
curately made, have a communication of wlr'clwork from 
one ferew to the other, fo that both lhall turn round to- 
gether, and caiife the two boards of the prefs to advance 
parallel to each other. 

A very ingenious and ufeful packing prefs, invented by 
Mr. John Peek, was, in 1798, t*ewarded by the Society of 
Arts. This machine confilU of two very lirong horizontal 
b<*ams, on<* at tlie bottom for the bed, and the other at the 
top of the prefs. 'Phefe arc united by two iron ferews, 
wJiich Hand in a vertical pofition, and therefore ferve us 
cheeks to the prefs. 'Phe fidlowcr of this prefs i-s a very 
flrong hori/oiiLal beam, having two nuts fitled into it at its 
endvS. Theie nuts ae^'t upon tlie threads of the two vertical 
ferews ; and, tfierefore, it is plain when they arc turned 
round, the follower will rife and fall upon them. The nuts 
arc fo fitted into the follower, as 10 admit of a circular mo- 
tion round the ferews, but are not permitted to rife or fall 
without the follower, becaufe they liave a circular ring or 
projection, in the middle of their length, which is fitted into 
a proper receptacle in the wood-work. To give them mo- 
tion, the edges of the circular rings arc cut into cogs or 
teeth, and arc turned by means of an cndlefs ferew for 
each, fitualed at the oppt)fite ends of a horizontal fpindle, 
which revolves in bearings attached to the follower of the 
prefs. The fpindle has a winch at each end, by turning 
which, the two endlefs ferews a A upon the wheels or teeth 
of the nuts ; and by thus caufn^ them to turn round with 
equal velocities, raifes or deprefles the follower, always pa- 
rallel to itfelf, and alfo to the head and bottom bed. 

The great utility of this prefs confills in its being capable 
of paclung two fets of bales at once ; thus anfwcring the 



212 

pui-pofe of two prefTcs, and with more expedition, h is 
placed upon the floor of the warehoufe in which the pack- 
injr is to be performed, and behind it a (lage is ereifed, juft 
half the hei^rht of the wliole prel's ; then one fet of the bales 
arc made up on the floor, and the other upon the ftage. 
Suppofe tlic follower raifed up above the level of the llagc, 
a bale of go(;ds is placed on the lower bed, and by turning 
the WMiiches, the follower is forced down upon it, till it la 
fufficicntly prefl'ed : now, while the men below are tying 
and making the bale fall, the people on the llage place a 
bale upon the follower ; and it is plain, that when the fol- 
lower is raifed up to relieve the lower package, the upper 
bale will be coinprt'lTed between the follower and the head 
of the profs ; and vvlillc this is making fall, the workmen 
below get another bale of goods loaded in. By this 
means no time is over loll in ferewing up or opening the 
prels ; for it porfirms work both ways, which is a matter 
of no Imall importance in large works, fuch as the Euft 
India Company's vVarehoufes, where fuch a great number 
of people are employed in packing. 

In the Philofophieal Tranfadions for 1781 is an account 
of a double ferew, applied to a prefs, by Mr. W. Hunter. 
To explain this, we mull fuppofo a llngle fercw-jircfs of the 
ordinary form, fuch as (hewn in Plate XL Agriculture^ or 
Plate II. Paper-Mill ; but the lower end of the ferew, 
which rells upon the follower or prefler, has a fecond ferew 
©f liner thread cut upon it. This thread is rcc^Mved into a 
nut or barrel, which rods upon the prelTer. The nut is at 
liberty to turn round freely upon the prcller, except when 
it is required to be ftationary ; and tlien, by a key, it can 
be fixed fall to it. In like manner, the nut or barrel can, 
at pleafure, be fixed fall to the lower ferew by a key put 
through a hole in both ; and in this date they will of courfe 
turn round together. As the nut and lower ferew take up 
fome room, the ferew is turned by arms fixed in a head, 
formed on the upper end of it, above the prefs. In tlie 
operation of this prefs, the nut or barrel is pinned fall to 
the lower ferew by the key ; and the ferew being turned by 
the arms at top, the nut is carried round with it, and the 
offe^l is exactly the fame as an ordinary ferew-prefs. But 
having by this means gis^en as great a prertun* as the fingle 
ferew is capable of producing, tlie crofs key wdiich unites the 
lower ferew to the barrel is removed, and is put in fuch a po- 
fition, that it unites the burnd to tin* prefler, fo as to prevent 
its turning round upon it. Tlie efl’e^l of the prefs now be- 
comes compound, and wdiile the whole ferew is carried 
downwards by the revolution of the great ferew, the fine 
ferew at the bottom of it ferews down into the barrel or 
nut, which IS attached to the prefler ; which is, therefore, 
carried dowui a quantity only equal to tlie difl'orcnce of tlie 
thread of the two ferews ; and if thefe are made very nearly 
alike, the defeent produced by the difference bctw^ecii them 
will be exceedingly fmall, and the power exerted upon tlie 
articles under preirure will be in proportion to^it. Indeed 
the effcdl would be the fame, as if a fingle ferew had been 
employed, having its threads fo fine or clofe together, that 
the difference between thread and thread is only equal to 
the difference between the meafurea of the threads of the 
two ferews. 

For example: Suppofe it was required to produce a 
ftrong preilure, with a ferew of ten threads in an inch, it is 
evident that the metallic protuberance, or helix of the ferew, 
could not be quite fo tiiiek as onc-twcntieth of an inch, and 
could not, therefore, withftand any conliderable force. By 
the prefent conftrudion, we may have the thread as ftrong 
a» can be defired. Thus, if the (lighteii be a quarter of 
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an inch, the fineft ferew muft have two turns in the inch, 
and the coarfeft two turns in one inch and one-tenth ; or, in 
other words, it would pafs over the fame fpace in ten turns, 
that the other ferew would in eleven. 

Upon the invention of the double ferew Mr. Nicholfon 
remarks, that from the extreme precifion of a fimple ferew, 
if commonly well made, it may feem fcarcely neceffary t(» 
iile this contrivance in the mcafnremeiit of fmall quantities. 
The fineft (crews ufiially to be met with do not exceed 
100 threads in the iiicli, and few have been made finer than 
of 200 threads in that ipace. Let us confider by what 
threads, of ufual, or even coarfc numbers, we could have 
a difliTcnce per turn of above one-thoufandtii of an inch, 
and we fliall find that the difference between a thread of 32 
and one of 33 in tlic inch, is the 1056th part of an inch ; fo 
likewife, the dilference between the 6olh and 6 ill parts of 
an inch is the 3660th part. 

^riie Hvdvojlaiic or Heater Prejs has, for a great number 
of purpoics, fuperfeded the life of the Icrcw-pref.s, over 
vvliich it poflefli's great advantages, in all cafes where a 
ftrong prefllire is required. Tins machine was invented by 
Mr. Jofeph Bramah, and its principle has been explained 
in our article Ma(’11I\i:ky. (See vol. >:xi.) In plate Prefs 
we have given drawings of one of them,^^/. i and 2 being 
elevations, taken in oppofite diredtions ; AABcr is the 
frame, confillingof a pieec of call iron, cr, (fee alfo^^. 3.), 
and a toj) pii'ce of call iron, B, ( fee alio 4.. ,, the two being 
united by the wrought iron bolts A, A, which inuil have 
lufficicnt llrength to uffill the wliole force of the prefs, the 
pmeffurc being produced between the under furface of B, 
and the upper Idtface of an iron table or fiillower, K ; F 
is a ftrong metallic cylinder, in which the rammer or pill on, 

D, moves. To the upper part of tliis pifton, the Iron table, 

E, is fixed, by the motion of wdiich upwartls, the preflure 
is communicated to the articles placed upon it ; L repre- 
feiits a ciftern containing water; whthin this cifterii is fixed 
a fmall forcing or injeding pump, of which h is the 
pifton rod, and H the IcvtT by which it is worked, a 
contrivance being introduced for keeping the pilion rod 
vertical during the wairking : it coniifts of a guide, 
formed at the to]>, of tlie fame llaudard, K, vvliich fiijiports 
the fulcrum or centre pin, <?, of tlie lever H ; the rod gj 
which is part of the pill on rod. Aides through the focket ; 
the part, f of tlie rod is made open, to admit the 
lever to pafs through it, a link being applied to unite 
the lever to the rod ; 1 is a counterbaluiiee for the weight 
of the lever. Fig, 5. is a h'dion of the pump, on a larger 
fcalc, to (hew its interior (Irndure, h reprefenting the lower 
extremity of the pifton rod ; it is (urrounded l)y a collar of 
leather, j, which is retained in its place by a lube, or 
perforated ferew, r, which admits the pafl'age of tlie pifton 
rod /&, but which ferews the tw'o-cupped ](‘:ithers with the 
metal ring, which is iuterpofed between them, clofe down 
to a (houlder, in the body of the injcdling pump, and thus 
renders the jundion between the injecting pifton /^, and its 
cylinder, water-tiglit ; the upper part of the ferew, r, is 
excavated, to form a receptacle for oil ; M M is the barrel, 
or chamber of the pump, in vvhicli the pifton rod docs not 
lit ; but the collar of leather .r, clolely t ii.bracing the rod, 
will have the fame cffeiSt of enlarging or dimimlhing the 
capacity of the chamber wdien the rod is moved up and 
down. In the botUim of the chamber is a fuCtion valve, N, 
which allows the water to enter into the barrel from the 
ciftern, but will not permit it to return in the fame direction ; 
it is fitted into the upper part of a tube, N, which is 
ferewed into the lower end of the barrel : the valve itfelf 
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confifts of a metallic rod, at one end of which there is a 
knob turned conical next the ftem, fo as accurately to fit 
the conical face of the hole into which it is put ; the tail 
is filed on one fide, fo that it docs not entirely fill the 
cylindrical hole which it occupies, by wliich means a palTage 
is afforded for water when the head of the valve is raifed. A 
valve of a fimilar nature is placed at /, in the upper part 
of the pump, and being in the paflage wdiicfi conveys the 
water from the pump, and through the copper pipe, to 
the cylinder, F, it allows the water to pafs from the pump 
to the cylinder, and prevents its returning. At 5, 

is a fafety-valvc, which is loaded by a lloelyard and weight, 
as (liewn at k^Bg, i : this keeps the valve fhut in the ordi- 
nary courfe of working ; but if the preffure fhould become 
fo great as to endanger the biirlbng of the pipes, the v -Ive 
rifes, and the water efcapes. At i is a ferew plug, or valVe, 
at which the water is difeharged, when tlie preis is to be re- 
lieved. When ferewed tight, its conical eiid or point is 
forced into a correfponding focket, and prevents the elcape 
of the water ; but on turning tlie ferew back, the water is 
permitted to flow back into the cillern. Tlie real fituaiion 
of this difeharging valve is fnevvn in Jig, i, at /. The cylin- 
der, D, is furrounded by a collar of leather at 00% the lea- 
ther is formed as (hewn 7, being turned up to form 

a double cup, fo that it relembles the cuff of a coat flecvc. 
When in its place it is kept dillended by the c(>j)per rlng,^, en- 
tering the circular channel, or fold, of the leather. This ring 
has a lodgment in a recofs formed within the cylinder F. 
The leather is kept down by a brafs or bell -metal ring, ///, 
which is received into a recefs formed round vvitliinfide the 
cylinder, as fhewii w^Jg, 5. The interior aperture of iliis 
ring is adapted to receive the cylinder D, and thus the lea- 
ther becomes confined in a cell, with tlie edge of the inte- 
rior fold applit'd to the cylinder I), wliilil the etlge of the 
outer fold is in contafl with the interior furface of the cy- 
linder F. In this fituation th<’ preffure of the water, a<^ting 
between the folds of the leather, forces its ('ilgcs into dole 
contact witli both, and makts a light fitting round the cy- 
linder, and as the jireffiire is increafed the leather is applu d 
more clofely, fo as to prevent leakage under any circumftances. 
The metal ring, m, is truly turned in the lathe, aod the 
cavity or cell formed for its reception ; then to get it into its 
place, it is divided by a faw into five fegments, as (liCwn in 
Jg, 6. Three of tlie lines at which it is divided point to the* 
centre, but the other two are parallel to each other, and 
the ring is put into its place 'after the leather and copper 
rings are introduced), by putting in the four fegments lepa- 
rately, and the one with parallel fides is put in Lift. The 
cylinder, 1), ib then put down in its place, and ready fur 
aifioi). This plan of a divided ring was firft ufed by Mr. 
Peter Kier, who, lince the expiration of Mr. Bramah’s 
patent, has made fcvcral hydrollatic preffes. In the origi- 
nal conftriidtion, the ring or Iiead of the cylinder, which 
kept down the leather cup, w'as held dowm in its place by 
fevcral ferew bolts, but as thefe had to bear a gre.iter force 
than the whole power of tlie preis, they were fretpiently 
torn out, or drained, fo as to caule leakage. The upper 
part of the cylinder aliove the ring, is filled wdth tOAv, 
i)r other loft packing, impregnated with fwTet oil, which 
is confined by a tuin plate or ring, 'iliis packing ferves at 
once to fiipply tlie cylinder w'ith oil, and to prevent the ad- 
miflion of any lubftance which might injure the furface of 
the pifton. 

The pipe, is made of copper, and its joints are made 
as fhewn h\ Jg, 5, The end of the pipe has a projeiling 
piece foldcred or ferewed upon it, and this fits into a cavity 
formed in the metal of tlie pump or cylinder, and it is forci- 
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bly preflTed into its feat by a perforated ferew w, which 
ferews into the cavity. The joints are rendered tight by a 
leather ring or w'afher, interpofed between the end of the 
pipe and iJic bottom of tlie cavity in the cylinder or pump. 

The hydrofldtic prefs is not liable to get out of order, 
but if any extraneous matter attaches itfelf to either of the 
valves, their a(!‘boii will neeelfarily be fufpended till it be re- 
moved ; for this purpofe the valves (an he taken out. The 
valve at / has a ferew plug, fitted over it, and this regu- 
lates the afciMit of tlie valve, or by iinfcrew’ing the plug the 
valve can be taken out. To get aecefs to the low’cr valve, 
the lo\v(‘r pi^ci', N, of I lie pump mull be unferew'ed. The 
difeharging valve, r, may alfo be examined by withdrawing 
its ferew. 

The operation of this prefs nis^y he very readily compre- 
hended, by fiippofn g ilie pump, cylinder, and coniu'rfing 
pipe hy to be filled with water, and that an adequate fiipply 
of water is contained in the ciltvni L. Wlien the handle 
of the lever, 11, is railed, it brings up the pifton hy wdiich 
w’ould leav(? a vacuum beneath, if the atmofphere did not 
force the water through the lo.w'er, or fiK^tion valve, of tlu* 
pump. The lever being th<ii prefled dowii, the pifton rod, 
by defciiidmg, dimiuifh<'s the capacity of the pump ; tins 
caufesthe lower valve to Hint, and forces the w^ater through 
the valve /, w hence it pafles, hy the pipe />, into the cavity of 
the great cylinder F, and raifes the piflon D, and prelling- 
table F., together with its load, a dillance proportioned to 
the (piantity of fluid inj(‘Cted. On I lie fuhh'quent nfe of the 
piflon of the pump, the defceiit of the upper valve preveiitB 
the return of tlie water, and conleciuently the fall -of the 
cylinder D. A rejietition of the fame procefs lujecls more 
water, and the j^reflure may, in this manner, he carried to a 
great extent. When it is pr(»pofed to relieve the acHion of 
the prefvS, the difehurge valve, /, mull be opened hy turning 
the ferew back ; the w ater then efcape:; out of tin preis into 
the cifl(‘rn L, and confeqiuntly the table E, and the cy- 
linder D, defceiui by their own weight, rcfloring tlie engine 
to its original fituation. 

Hu‘ rnediamcal etlecf rf the hydroflatic prefs will admit 
of an eafy calculation. For it is knowm, that if there be a 
mutual communication betwiaai two columns of any fluid, 
whatever prellure or eflort may be ext rted on the one, will 
be tranfinitled to thi^ other in a ratio proportional to the 
rcfpe<!:tive area of each colimui, confeqmmlly the proportiou 
of the area of the injeding pump to that of the cylinder 
conlfitutes the hydroflatic power of the prefs, and the me- 
chanical eflort exerted on the injecting pump if. tranfmitted 
to the cylinder D, by the intervention of the fluid, in a ratio 
])roporlioiial to iheir comparative areas. 

If tiv’ diameter of the piflon, hy be one quarter of an inch, 
and that uf D one inch, that is to fay, four quarters of an 
inch, one pound lodged upon the piflon rod, will be in 
equilibrio wnth fixteen pounds lodged upon tlie table E, the 
weights of tile parts of the engine attaclit^d to, tmd moving 
witii each pitlou, being rcfjiedively included. And if the 
length of tlie lever, r H, be fifteen inches, and the diflance 
between the centres of motion, c/, of their adion upon the 
piflon rod two inches, one pound at the end of H will gain 
an advantage of 7-^ times, when coinjiared wdth that at g. 
Inflead, therefore, of fixteen pounds, upon the table G, 
being equal in effed to cuunterpoife this lalt adion, there 
will be required upwards of 120 pounds. But a man in this 
adion of pumping, by a downward preffure, can, without 
difliculty, apply his whole weight, and with great eafe one- 
third, or one-fourth, of his w’oight, fuppole 50 pounds. 
In this cafe the preffure will be equivalent to 50 times 120 
pounds, or 6000 pounds, that is to fay, nearly three tons. 
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To compare this engine with a Icrcw in theory, w^c mufl 
enquire what finenef# of thread, and length of lever, would 
afford a purdiafe of 120 to i. Let us fuppofe the 
thread of a ferew, fubllitutcd iu the place of the cylinder D, 
to he OIK' -tenth of an inch duck, the dillancc from the top 
of one thread to the top of the next, will in this cafe be 
one-(ifth of an inch. Tliis is the fpace through which the 
weight muff rife in one revolution of the ferew ; the power 
mull, therefore, move through 120 times that fpace, 
namely, twenty-four inches. A lever or radius four inches 
long will clefcribc a circle fomewhat larger than this, and 
confequently fuch an engine would, in theory, be equal in 
pow(T to the hydroitatic engine we have been deferibing. 

But when the fubjcA is viewed pradicaliy, the difference 
between the two macliines appears to be very remarkable. 
All pradtical men know how very large a part of the force, 
operating by means of engines, is employed in overcoming 
fridion. Kvery one is aware of the extremt* fndlion be- 
tween folids, and the very llight fridion which taker, place 
between the parts of fluids. This is feen in the common 
expedient of oiling the pivots of wheels, and in tlic very 
gradual decay of motion in fluid bodies, wliile folids moving 
upon each other ffop at once as foon as the force is dimi- 
nifhed to a certain degree. Tlie ferew is an organ peculiar- 
ly liable to friction, and this fridion is always much greater 
than tfie whollc of tlie re-ading force, for there are few in- 
ftanccs where a ferew will return from extreme preli'iire, 
when the agency upon tKc lever is withdrawn. It is alfo 
to be cunliden'd, that the whole force of ilie vveiglit or re- 
n fiance adts chredly upon the face of the thread of the 
ferew, at the place where the motion is required to take 
place. Jt has not been afeertained in what dcgre\? this re- 
fiffance or fndlion iiicreafcs with the weight. In lighter 
adions the fimplc ratio has been inferred, but under more 
fevere preffures, the two metallic faces exclude tlic greater 
part of the half fluid matter between tliem, and a]>j>c*ar, by 
the magnitude of their refillancr, to be attached to each 
other by a procefs of the nature of coliefivc nttradion. 

Mr. Nicholfoii, in his Journal, relates tlic following ex- 
pcrimenlsy which he made witli one of Mr. Bramah's frnall 
preffes, which he makes for the purpofe of copying letters, 
or writings, in the manner of Mr. Watt (fev> C()i*YiN(i] ; 
it had the fame parts which we have defcrlhed, but the 
frame made of wood. When employed to j)rcfs papers, the 
force applied to the lever (ff the injeding pump was fo 
flight, that the iiiflrumcnt required no faffening to the tabic 
on which it flood ; but the effcdl of tin? upper bar, B, which 
was of wood, three inches and a half tluck, was fuch, as 
bended it out of a (Iraight line upwards of a quarter of an 
inch, and it appeared that it might have cafily been broken 
by continuing the preffure. With a ferevv-prefs, the ferew 
of which was iron, and nearly of the dimeiifions above 
mentioned, excepting that the lever e. as twelve inches long 
inftead of four inches, and the adion on the lever upwards 
of two hundred weight, applied with a jerk, the effed was 
nearly the fame ; he effimated the advantage to be very much 
in favour of the hydroffatic prefs. 

In another prels of this kind, the diameter of the great 
pillun was four inches, and of the fmallcr three-eighths 
of an inch, and the advantage given by the lever or handle 
was twelve to one. Above the piffon, D, of the great 
cylinder, was applied a long lever, at one end of which was 
an axis, and at the other end a large fcale to hold weights ; 
it contained twenty hundredweight. The diftance between 
the axij of motion of this lever, and the part where it aded 
on the piffon, was fix inches ; and the diftance from the fame 
axis to the extremity where the fcale was hung, was one 
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hundred and twenty-fix inches. Every hundred w^ciglit jo 
the fcale confequently preffed upon the piffon with a force 
equal to twenty-one hundred weight, whence the whoh* pref- 
fure was twenty -one tons. It was eafy to work the lever 
briflely with one hand, and each ftroke raifed the fcale nearly 
one-third of an inch. Forty-feven pounds, hung at t he end 
of the lever, carried it doWn with a moderate iwiflnefs of 
working ; but a weight of only forty-three pounds remained 
in equilibrio, and did not defeend. Now as tlie true weight 
in theory was thirty-tw« pounds, as deduced from the 
dimenlion of the parts in the manner already done, with re- 
gard to the fmall prefs it follows, that lefs than one-third of 
the actual power was employed to give velocity, and over- 
come all fridion. 

It may be remarked, that the principal fridtions in thefe 
preffes muff be at the circumference of the pillons, and that 
thefe do not increafe in the fimple, but in lefs than tlie 
Alb-duplicate ratio of the power. For if the diam<-ter of the 
great cylinder were double, every thing cH'e remaining un- 
changed, the furface of its pillon, and confequrntly the 
power, would be quadrupled, but the fridion would be only 
doubled, and that merely at the leathering of the greater 
piffon D. 

As the preffure, in the experiment laft mentioned, 
amounted to forty-feven thoufand and forty pounds upon the 
great pillon, of four inches diainc'ter, and lixteen circular 
inches furface, it amounted to two thoufand nine hundred 
and forty upon each round inch ; but the medium preffure 
of the altnofphcro on a roii d inch is nearly twelve pounds, 
confequcntly the aftion was equal to two hundred and forty, 
live atttiofpheres, and as each of thefe corrcfpijnds with a 
culumn of ihirty-foiir feel of frefli water, at a medium the 
water in the cylinder was prefled in the fame manner, a« 
if tin* whole column had been eight tliour.uul tliree hundred 
and thirty feet, or one mile and two-thirds pcrpimdicular 
height. 

Large preffes of this conflrii^lion arc generally nKide 
until two pumps, of one inch and a quarter boro, and a 
cylinder of feven inches. Thefe Iiave been uled in prclling 
hay and cotton fur package, and arc very effective in pro- 
ducing a greater condenfation on the material, with a much 
lefs application of moving power, and eonfumplion of 
time. 

Pkessks xifed for exprcjfmg of liquors^ are of various kinds ; 
fomc, in moll refpedts, the fame wilh the cOininou prefl’es, 
excepting that the under plank is perforated witli a great 
number of holes, to let the juice expreffed run througli into 
a tub, or receiver, underneath. 

Others have only one ferew, or arbor, which paffer. 
through the middle of the moveable plank, whicli is made 
to defeend into a kind of fquare box, full of holes om all 
lides ; througli which the juices flow , in proportion 
the arbor is turned ; by means of a little lever applied 
thereto. 

Press ufed by joiners to keep clofe the pieces they havr 
glimd, cfpecially panriels, &c. of wainfeot, is very fimple, 
coiififlitig of four members ; •vhz* two fcrvws, ami two 
pieces of wood, four or five inches fquare, and two or 
tliree feet long ; of which the holes at the two ends ferve 
for nuts to two fereWs. 

Press ufed by inlayers refembles the joiners’ prefs, except 
that the pieces of wood are thicker, and that only one of 
them is moveable ; the other, which is in form of a treffel, 
being fuffained by two legs, or pillars, jointed into it at 
each end. 

This prefs ferves them for fawing and cleaving the pieces 
of wood required in marquetry, or inlaid work. 
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Prf/vS, Founders^ is a ftrong, fquarc frame, conillling 
t)f four pieces of wood, firmly joined together with 
toionr., 6cc. 

This prefs is of various fi/cs, according to the fr/.es of 
the moulds; two of them are required to each mould, at 
the two extrcmitii'S of which they arc placed ; fo as that, 
by driving wooden wedges between tiie mould and the lul‘s 
ot the prelTes, the two parts of the mould, in wlueli the 
metal is to l)e run, may be preffed clofo together. 

Press, Prinfin^, See Printing. Pnju 

Press, Mv[fenga' of the. See Messkngkh. 

Press, jiud'tlors <f the. See Auditors. 

Press, fyllhgf is a machine for the taking off prints 
from copper-phites. 

It is much lefs comjilex than that of the letter-printcrs. 

See its deferiplion and ufe under the article RoUw^^’prefs 
PuiNTIN(r. 

PjIESS, in Cohungy is one of the macdiincs ufed m ilriking 
of money ; differing from the balance, in that it has only 
one iron bar to give it motion, and prefs the moulds, or 
coins ; is not charged with lead at its extreme, ror drawn 
by cordage. Sec Coika(;e. 

Press, Binders cutling^ is a machine ufed ccjually by 
book-binders, Ralioners, and paftehoard-inakers ; confilhug 
of two large pieces of wood, in form of checks, coimcfled 
by two llrong wooden ferews ; which being turned by 
ail iron bar, draw together, or fet afunder, the checks, as 
much as is neceffary, for the putting in the books, or pajicr, 
to he cut. 

The checks are placed lengthways on a wooden Rand, in 
form of a clieR, into which the cuttings fall. Alide of 
the (‘liLvks arc two pieces of wood, (ff the fame length 
with tlic Icrcws, fer^’ing to direit the cheeks, and preveiit 
ihelr opening um (ju.illy. 


Upon the cheeks the plough moves, to which the ciitting- 
kiiife is faRencd by a ferew ; which has its key to difruouut 
it, oil occafion to be fharpened. 

The plough CiJijfilb, of leveral parts ; among tlie reR, a 
wooden ferew, or worm, which catching within the mils of 
ll;e two feet, that fuftain it on the checks, brings the knife 
to the book, or jiajicr, which is faftened in tlu' pref: hr- 
tween two I'oards. Tims ferew, which is pretty long, has 
two direclori( ;>, whicli refemblc thofe of trie IVrews of tlie 
prefs. '’J\) make the jilough Hide fquure and oven pn the 
cheeks, fo that the. knife may make an equal paring, that 
foot of the plougli where tlie knife is not fixed, fiitles in a 
kind of gro()V(‘, faRened along one of' the cheeks. l.aRly, 
the knife is a ])icce of Reel, fix or feven inches long, fiat, 
thin, and Iharp, Icrminatiiig at one end in a jmint, like that 
of a fword, and at the other in a fquare form, which 
Rrves to fallen it to the plough, See BoOK-Rl\niNG. 

As tiic long knives ufed by us in the cutting of books or 
pap'Ts are ajit to jump in the cutting thick books, the 
Dutch are fald to ufe circular knives with an edge .ill round ; 
wliich not only cut more Readily, but laR lunger without 
grinding. 

Prks.s, in the U^toUm Manufactory^ is a large ' wood e.i 
machine, lerviiig to prefs cloths, ferges, r^iteens, &c. by 
which to render them fmootli and even, and to idve tlicni a 
vdofs. 

This machine confilU of fevcral members ; the principal 
of which are the cheeks, llu^ nut, and the w'orin or.fcrcw, 
accompanied with its bar ; which ferves to turn it round, 
and make Jt deleend perpendicularly on the middle of a 
thick wooden jdank, under which , the Rufls to be preded 
are jdaccd. The calender is alfo a kind of prefs, ferving 
U) prel;> or calender Inunv, filks, 




Pressure engine 


Prkssuiie 'Engine is an hydraulic machine, acting by tlie 
power of a defcending column of water upon the pifton of 
a cylinder, to cive motion to pumps, for railing water from 
a different leveL In the mountainous diftrift^ which fo fre- 
quently contain rich mineral treafures, falls of water may be 
often obtained at a greater elevation than it is practicable to 
conftruCl water-wheels of fufficient fize to occupy tlie whole 
defeent ; and often the llream is too fmall to fupply a wheel. 
In thefc fituations the preffure engine is well adapted to 
produce the greateft effedl from the fall, in working pumps, 
or other machines for draining the mines of water. The 
fame principle can readily be extended to the raifing of 
water for fiipplying towns, gentlemen’s houfes, &c. ; and 
univerfally for railing water from any depth wherever a 
fall of water can be procured, particularly in thofe cafes 
where the fail is great, that is, where it exceeds 30 or 40 
feet. It will not only exceed all other known machines in 
effedl, but in limplicity, and that whether tlie quantity of 
ivatcr that is to be applied is great or fmall. 

Machines of this kind, invented by Mr. Denizart, arc 
deferibed in the Machines ApprouvCcs par PAcadeinie for 
1731, vol. V, and by Mr. Genlfanes in 1741, vol. vii. ; but 
the earliell which was put in execution in this country was 
by Mr. William Weltgarth, who invented the proper ex- 
pedients to obviate thofe difficulties which had before at- 
tended tlie pradlical execution of machines upon this prin- 
ciple hi France ; he eredled a large one at a lead mine of fir 
Walter Blackct’s, at Coal Clcugli, in Northumberland, in 
the year 1765. Mr. Wellgarttrs machine confilled of a 
cylinder, provided witha pidon fufpended by a chain from a 
beam or working lever, froxir'ihe uppolke end of which tlie 
i’od of tlie pump, which was to raile the water, was fuf- 
pcndi-d ; the working cylinder was made the full height of 
the coliimu of water whiji was employed to work the engine, 
and the working beam was, of i ourfe, placed above the 
fop of it, whim the chain and rod reached down into it ; 
lo that the pillon itfelf adled in a chanTber or barrel, nearly 
at the bottom of it ; a trough, or cillern, at the top of the 
cylinder, was kept conllantly fupplied by the dream of 
water, and thus the whole height of the cylinder being ftlled 
with water, the preflure of its «.olumn always bore upon 
the pillon. From the lower part of the cylinder was a 
paflage to permit the water to cfcapc from it, and likewife 
another pan age by a pipe, communicating from the lower 
part of the cylinder, beneath the pifton, to the upper part 
of the fame above the pifton. Both thefc paftages were go- 
verned by a Aiding valve of very ingenious ftru&urc, which 
opened and ffiut them alt'^rnateJy, but would not allow both 
to be open at one time. The Aiding valve was adluated by 
an apparatus of levers, very i'linilar lo thofe ufed in the old 
fteam-engincs for opening the cocks ; and the pump rods 
were fo loaded as always to have a preponderance to draw the 
pifton up when the preffure of the water upon it was removed 
or balanced. Suppofe the pillon at the top of its motion, by 
opening the paffage from the bottom of the cylinder the 
water efc apes from it, and relieves the lower fide of the pif- 
ton from the preffure of the water, whilft the whole column 
continues to prefs upon the upper fide : in this fituation the, 
pifton defeends, drawing up a column of water in ihe pumps 
at the oppofite end of the beam or lever, but on arriving at 
the bottom of the cylinder, the mechahifm alters the ftiding 
valve, and it clofes the paflage at which the water ^fcapes 
from the cylinder, and at the fame time opens the other in 


the pipe, which admitting the water from the upper into 
the lower part of the cylinder, it will prefs equally below 
the pifton as above it, cortrfequcntly the forces arc balanced, 
and the counter-weight of the pump rods, at the oppofite 
end of the beam, will draw up the pifton to the top of its 
chamber, when the poliiion ot the Hiding valve is again al- 
tered, and it clofes the pipe, at the fame time opening the 
paflage for the Avater to elcape ; this makes another llrokc, 
and tims tin,* engine continues to work as long as the fupply 
of water is kepi up. The minutiae of the machine are del 
feribed in the Tranfa£tions of the Society of Arts, vol, i. 
but the ingenious Mr. Smeaton foon improved it very ma- 
terially, by enclofing llie top of the cylinder with a lid, 
through which the pifton rod pafles in a collar of leather, 
and the cylinder is then required to be no higher than con- 
venient for the motion of the pifton within it, the water 
being introduced to it by a pipe. The conftrudlion of Mr. 
Weftgarth’s Aiding valve l)c‘ preferved with very little al- 
teration. In Plate Ptrjfure^ we have given drawings of 
a fmall engine which Mr. Smeaton eredled in Yorkfliirc, at 
the feat of lord Irwin, in 1770, to raife a fupply of water for 
the fervice of the houfe. i and 2 arc elevations of the 

whole engine, and the other figures are enlarged fedlions of 
the Aiding valve, which regulates the admiffion of the water 
into the working cylinder at proper intervals, to caufe the 
motion. 

The pipe, A, which fiipplies the engine with water is 
1.7 of an inch bore; its perpendicular delccnt from its mouth 
or entry at the fpring of fupply is ^4 feet ; and its length 
400 feet. The water is conveyed from tlie engine by a pipe, 
1 , which has a fall or dt lVent of twelve feet from the en- 
gine to the furface of the water in the pit or well into 
which it delivers ; and it has a ftop-cock, w'hich regulates 
the difeharge of the water. This defcending column of 
66 feet of w'atcr iscmploytdin working a pump, D, which 
throws back jiart of tin. water to a refervoir by a pipe, 
in afceiit about 900 feet in length, and 1.5 incli bore. 
The delivery of this pipe at the top of the refervoir is 80 feet 
above the engine, confequently 26 feet above the level of the 
head or Ipring of fupply. The pipe. A, condudls the 
water to the pump, 1), by one branch, and to the top of 
the cylinder, C, Vi hich works the engine, by the other. The 
cylinder, C, is of brafs, truly bored, and furniflied with a 
folid pifton, whofe rod, b, pafles through a clofe ihiffing- 
box in the cylinder lid, wdiere a leather is packed round it 
fo clofely, that no water can leak by it ; the upper end of 
the pifton rod is keyed into a fmall box, which conncifts ii 
with an iron rod, Aiding through a guide, r, to make it 
move ilcadily. K is the working-beam, moving round a 
centre at L ; it has an arch head at the outer end, which is 
a fegment of a circle, flruck from the centre I- ; the arch 
receives a chain, by which the pifton-rod, b, is fufpended, 
and therefore has a vertical motion. E is the pump-rod, 
jointed to the beam, and moving up and down with it j the 
forcer of the pump, D, is fixed to it at the lower end. H 
18 a pipe, which forms a communication between the top 
and bottom of the cylinder ; it leads down into a cheft, 
upon which the cylinder is placed, and to which it is open 
at bottom ; tlie chell is compofed of plates ferewed toge- 
ther, as fhewn by the fedlions, figs* 3, 4, and 5, which alfo 
explain the conftruftion of the Aiding valve contained within 
the cheft. In thefe figures, .r is a ftiort cylindrical pipe, 
fixed aeroft within this cheft, and communicating with tlie 
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pipe, H, at top, and the pipe I (which conveys the wa- 
ter away from the engine) at bottom. This fhort pipe has a 
water-tight divifion, v, (fg. 4.) in the middle of it, fo 
that there is no direct pafTage through it from H to 
I ; but there are four fquare holes made in the pipe, 
at equal diftanccs round it, above and alfo below the 
divifion, as fhewn at Jigs* 4 and 5. A cylinder or tube of 
brafs, t /, is fitted upon the cylindric pipe, and Aides up and 
down it, being packed with leather round the edges of the 
middle partition, as flicwn in^^* 4, that no water may efcape 
between the two cylinders. The Aiding cylinder, /, is juft half 
the length of the other, and when it is puAied down, as in 
the figures, it covers and ft ops the four holes in the pipe 
which are below the divifion and opens the four holes 
above the divifion, allowing a paftage from the pipe H 
to the bottom of the cylinder C, i. On the con- 
trary, when the Aider is puAied up, the upper holes are 
clofcd, and the lower ones opened, making a paftage from 
the cylinder bottom into I. The Aiding valve j, befides 
the leather packing which furrouuds the partition 1*, has 
leather placed at top and bottom of the fixed cylinder j, 
at r, r, and the ends of the Aider arc prefied upon thefe 
leathers, to make a tight Joint when up or down, but the 
cylinder fits as tight as it can be made, independent of the 
leathers. The Aiding valve has a pin projecting from eacli 
fide of it, which pins are included between clefts made at 
the end of a forked lever nv x, moveable on an axis y, whicli 
pafles through the fide of the cheft in a collar of leather jt, 
5* ^ ^ 21*^^ 2, fattened upon 

it. By moving the upper end of this lever towards the 
engine, the Aiding valve will be raifed up ; and by moving 
it m a contrary direction, the valve will be puAied dow^n ; 
r is a fmall iron rod, jointed to the upper end of the long 
lever by one of its ends, and the other is fufpended by 
hooks from a fpindle turning upon pivots, fupportod by the 
framing ; this fpindle has feveral levers upon it, fimilnr to 
the working gear of a fteam-englne, as follows ; hh e is a 
threc-armcQ lever ; the arm, r, has a weight at the end, and is 
called the tumbling bob ; h and h are two otlierarms, made 
in the fame piece with e ; thefe two latter arms ftrike againft 
a pin, fixed acrofs in the end of the rod gy which is forked, to 
admit the pin and the arms A, to ad within the fork ; I 
zre two crooked levers, by which the fpindle is moved as 
handles ; thefe levers are ftnick by pins, /, fixed \i\ a wooden 
rod sldf which is jointed to the working-beam K, and moves 
up anddovni with it : r, (Ji^. 2.) is apiece of wood fixed to 
the upright beams of the frame, having pins projecting 
from it, which catch the tumbling bob e, and prevent it 
moving too far j Q is a ftop-cock in the main pipe, which 
regulates the quantity of water coming to the engine, and 
confequenlly the velocity with which the engine will work. 

To deferibe the operation of the engine ; fuppofe every 
thing to be in the polition of the figures, and the pipes, 
cylinder, and pump, full of water, the Aiding valve is down 
in the pofition of Jig. 4, and therefore forms a communica- 
tion from the top to the bottom of the cylinder : in this 
ftate the prelTure of the defeending column of fifty-four 
feet of water prefTes equally upon both fides of the pifton 
of the cylinder, and therefore has no operation either way, 
the communication with the pipe I being ftopped, fo that 
the water cannot efcape through it ; but the preA'ure operates 
upon the lower furface of the forcer D of the pump, rifing 
freely through the lower valve of the pump ; this preAure, 
being unbalanced, raifes up the working beam, ana with it 
the pifton of the cylinder and the rod d. This, as before 
mentioned, has pins, i, in it, one of which is feen, in Jg. i, to 
be juft meeting the arm or handle which it raifes, lifting 
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the tumbling bob r, and turning the axis with all its levers. 
When the engine arrivee at the top of the ftroke, the 
tumbling bob paftes the vertical point, and falls over on the 
other fide of the centre ; the arm h now ftrikes the crofs pin in 
the end of the rod g^ and by drawing it moves the lever 0, 
and lifts up the Aiding valve ; this clofes the communication 
between the top and bottom of the cylinder, and opens a 
paftage to the pipe I, permitting the water to pafs through 
the pipe into the well, and thus get away from the engine. 
This removes the prcfl'ure of fifty-four feet from beneath 
the pifton, though it ftiU remains a<fting at the top of the 
pifton, and has added to it the twelve feet from the engine to 
the bottom of the well, in confeqiicncc of this column 
being fufpended in the pipe I ; this unbalanced prefrure 
caufes the pifton to defeend, bringing down the end of the 
beam K, and pump rod E with it : tlie valve in the bottom 
of the pump now Aiuts, and the water in the pump, being 
prefl'ed by the forcer, opens the other valve at M, and goes 
up the pipe, Oy to the refervoir, lifting a column of water of 
eighty feet. When the engine gets to the middle of it!> 
ftroke, a pin in the other fide of tlie wooden rod //, and there- 
fore not feen, takes the lever, /*, and forces it down, raifing the 
tumbling bob, at the fame time. By the time the pifton 
arrives at the bottom of the cylinder, the tumbling bob is 
brought paft the vertical pofition, and fuddenly overfets, by 
its own weight, into the pofition of Jig. i. The lever, by 
now runs againft the pin, acrofs the end of the rod g, and 
fhovc* it from the engine, moving the long lever, 0, of the 
Aiding valve, and the Aiort lever, w x, ( 3.) down, jufl 

in the pofition of the drawings. This clofts the four lower 
holes in the fixed cylinder, and prevents the water going 
down the pipe I, but at the fame in ft ant opens the four up- 
per holes, forming a communicAtion between tlie top and 
bottom of the cylinder. Tlic preA'iire of fixty-fix feel, 
which caufed the pifton to defeend, is now removed, or ra- 
ther balanced, by cauling it to adl equal beneath the pifton ; 
and the column of water of fifty* four feet, coming down 
the pipe A, and through the branch, forces open the lowei 
valve of the pump, (the value at M clofing and fupporting 
the column of eighty feet,) preffes the untler fide of the 
pump forcer, and raifes it up, as before deferibed, moving 
the beam and pifton with it ; there now being an equal pref- 
fure, both above and below the pifton, it will be moved up 
eafily. When the pifton ai rives at the middle of its ftroke, 
the prcctuling operations arc repeated ; thus the pin in the 
rod, d, takes the lever /, and raifes it till it arrives at the top 
of Its ftroke, when it again paftes the vertical pofition, and 
inftantly falls over into the pofition firft deferibed ; the lever 
hy taking the end of the rod and pnfhing it towards the 
engine, raifes the Aiding valve, opens the p ullage to the pipe 
I, and the whole column of fixty-fix feet now prefies upon 
the pifton, and forces it down as before deferibed, overcom- 
ing a column of eighty feet upon the pump. Though the 
diameter of the pump is larger than that of the cylinder, 
this happens from the chain of the pifton adling upon a 
much longer lever than the pump. P and N are two air- 
veftels upon the pipes A and o, to equalize the a 61 ion of 
the pump, and to prevent the ftiock which would otherwife 
take place when the Aiding valve was fuddenly (hut, and the 
motion of the defcendii^ water thus checked. 

A very complete preflure engine was ere6\ed by Mr. Tre- 
vathick at the Druid copper-mine, in Illogan, near Truro, 
in Cornwall ; it a6^ed with a double power, that is, the pref- 
furc was firft applied to one fide of the pifton to force it 
up, and then on the other to force it down, in the fame 
manner as a double a Ain g fteam-enginc. It aAed by two 
Aiding valves iuftead of one, but they were fo made that one 
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opened rather before the other (hut, and this, though it prevented the concufTion of flopping the column of water, 
wafted a fmall quantity of water, by permitting it to elcape, which indeed is always in motion. 
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PRINTING, Typoguaphia, the art of taking im. 
preflions with ink, from charafters and figures, moveabh 
or immoveable, upon paper, vellum, or the like matter. 

There arc two kinds of printing ; the one for books, the 
other from copper-plates, for pidurcs. The firll called 
common prrfs printings the fecond rolling prefs printings 

The prime difference between the two confiits in this, 
that the charafters of the former are call in relievo, and 
thofe of the latter are engraven in creux. 

The art of printing is a modern invention : it is, indeed, 
of a very ancient (landing among the Chinefe ; but then 
their printing is very different from our's. It mull be 
owned, the European printing, in its original, was much 
the fame with the Chinefe ; yet, as there was at that time 
no commerce or correfpondence between Europe and 
China, the paffage into the Eaft by the Cape of Good Hope 
being as yet undifeovered by the Portuguefc, there is no 
room to charge the Europeans with borrowing their art 
from the Chinefe : but each mull be owned to have fallen 
on the fame thing, though at very different times. Father 
Couplet affures us, that printing has been in ufe in China 
from the year 930. Father le Compte fpeaks more largely ; 
faying, that it has been there from aJmoft all ages ; he adds. 


that there rs this diiicrence between their's and our's, that 
whereas we have but a very fmall number of letters in our 
alphabets, and by the various arrangement of thefe, are able 
to form infinite volumes ; we have the advantage, by 
making our chara6ler8 moveable, to print the brgeft works 
with an inconfiderable quantity of letter ; thofe that ferved 
for the firft Iheets, ferving over again for the fuccceding 
ones : the Chinefe, on the contrary, by reafon of the pro- 
digious number of their letters, are precluded this refource ; 
and find it more eafy and lefs expenlivc to cut all their 
letters on wooden blocks; and tlius to make as many 
blocks as there are pages in a book ; and thefe of no far- 
ther ufe but for that fingle work. Their method of print- 
ing fee hereafter. 

Printing, Ori^n of . — Who the firft inventors of the 
European printing were, in what city, and what year, it 
was at firft fet on foot, is a famous problem long oifputed 
among the learned. In effed, as the Grecian cities con- 
tended for the birth of Homer, fo do the German cities for 
that of printing. 

Mentz, Haerlem, and Stralburgh, are the warmeft on 
his poipt of honour : Italy alfo would have entered the 
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lifts ; but the luffrages being at firft divided between the 
firll’ three pretenders, they are left in poireflion of the 
queftion, which, in reality, is not yet juftly decided ; though 
it muft be owned, Mentz has always had the majority of 
voices. 

Wc Hvall not here enter into a nice difquifition of the 
merits of the caufe, but only propofc the pretenfions of each. 
John Mentel of iitraiburgh, John Guttenberg and John 
Fault of Mentz, and L. John Colter of Hacrlcm, are the 
perfons to whom tliis honour is feverally aferibed by their 
refpedive countrymen ; and they have all their advocates 
among the learned. Mentel, a phyheian of Paris, enters 
the lids in behalf of his namefakc of Stralburgh j and con- 
tends that it was he who firll invented printing in the 
year 1440, and that, in confideration of it, the emperor 
Frederic III. gave him a coat of arms correfponding to 
it, in the year 1466. He adds, that Guttenberg, whom 
he had taken in as a partner, or aflbeiate, earned it to 
Mentz, where he took in Faiift a partner. John Gene- 
ficifeh, a native of Mentz, who was liis fervant, communi- 
cated the art to J. Guttenberg, whom Mentel had employed 
in making fome of his tools ; and becoming thus pofleifed 
of the art, they removed and fettled at Mentz, where it 
w'as perfeded by the alTiftance of John Fault. But this 
account depends on a Slralburgh chronicle of very doubtful 
authority, and is contradifted by the chronicle of Cologne, 
Trithemius, and Wimpeling. The lall-mentioned writer 
cxprefsly fays, that the art of printing was invented, in- 
completely, at Stralburgh, by Guttenberg, and perfefted 
at Mentz. Here Mentel acquired it from Guttenberg and 
Fault, and returniug to Stralburgh about the year 1455, 
pra£tifcd it in conncClion with Eggclltein. 

The Haerlemcrs, with Boxhoniius, Scriverius, dec. refer 
the firll invention to Laurens Janzs Colter, or Laurence 
John Colter, (called Colter on account of the public 
4)fiice diltinguifhed by this appellation, which he fultained 
at Haerlem, and which was hereditary in his family,) of 
Haerlem, in the year 1430, adding, that his alfociate 
Guttenberg ftole away his tools while he was at church, 
and carried them to Mentz, where he fet up for the 
firll inventor ; though others attribute this theft, &c. to 
his partner Fault. And others, again, with greater pro- 
bability, aferibe it to John Gensfleifch feniur, one of his 
fervants, in the year 1441 : and with thefe types, 6cc. of 
Laurence, two fmall works were printed at Mentz in 1442. 
The principal evidence in favour of Haerlem, is Cornelius, 
who had been a fervant of Laurence, and afterwards a book- 
binder in that city, on whofe authority Adrian Junius, 
M. D. founds his account, which appears to have been 
drawn up between the years 1562 and 1575, and publilhed 
at Leyden in 1588. The learned Meermaii, in his “ Ori- 
gines Typographic*,^' ^21® amply vindicated and con- 
firmed the account which Junius gives of the fadl ; though 
he difputcs and fufficiently invalidates what this writer fays, 
as to the types which were ufed by Cofter, at Haerlem, 
Thefe, he mews, were neither cut nor fufible metal types, 
but feparate wooden types. 

Munfter, Polydore Virgil, Pafquier, &c. will have Gut- 
teiiburg, or Guttemburg, to have really been the inventor 
of printing : and add, that he took in Fault and Schoeffer 
for alTociates. 

Naude, in his “ Mafeurat," efpoufes the caufe of Full, or 
Fault, or Fauftus ; and will have him to be the firll printer 
in Europe, and that he took in Guttenberg for a partner. 
His reafon for putting Fault in polfefiion of this privilege 
is, that the firft books that were printed appear to have 
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been all of his impreflion. To this purpofe it is allewd, 
that it is more than probable, if Guttenberg or Cofter had 
had a greater or an equal (hare in the invention, they 
would not have allowed mm to attribute the whole to him- 
felf and hia fon-in-law Schoeffer, as he has done, without 
ever offering to do the like, or in the leaft contradicting 
him, and allerting their own right. 

The true ftatc of the cafe teems to be this, that metal 
types were firft invented at Mentz ; of thefe there were 
two forts, n}i%, thofe that were cut, and thofe that w^re 
call in matrices. The invention of the former has been 
aferibed by fome writers to Fault, but without fufficient 
autliority ; the real inventor being John Gensfleifch fenior, 
who had brought the art of printing with wooden types 
from Haerlem to Mentz, with whom John Gensfleifch 
junior, called Guttenberg, might probably have concurred. 
The era of this invention mull be about the year 1442 or 
1443 ; for John Gensfleifch fenior came to Mentz in 
1441, and the Latin bible, with metal types, was printed 
in 1450, which could not require lefs than feven or eight 
years. 

The latter were invented by Peter Schoeffer, the fervant 
and fon-in-law of Fault, who fettled at Mentz in the year 
1449 or 1450, and having acquired under the two Gens- 
fleiichs the art of cutting types, remedied the inconvenience 
of this method by contriving to call tliem, which muft have 
been praClifed before the year 1459. The partnerlhip that 
fubfilted between Gensfleifch and Fault, and the relation 
between Schoeffer and Fault, have probably given occafion 
for aferibing to him the merit of the invention of printing 
with metal types, in which, from the connections of this 
kind, he probably might have had fome concern. 

The emtions above referred to in Naude's account are, 

1. The “ Codex Pfalmorum," printed in 1457, which is 
the moft ancient book known to be printed with a date or 
infeription, and is lodged in the emperor’s library at Vienna. 

2. The “ Rationale Divinorum Officiorum" of William 
Durand, printed at Mentz in 1459, in folio. This “ Ratio- 
nale” is in the carl of Pembroke’s library. Malinkrot has 
erroneoufly fuppofed this to be the firlt printed book. 

3. The “ Catholicon Januenfis,” dated in 1460, and now 

in the king's library. Fault's name, indeed, is not to this ; 
but it is perfectly like the following ones where it is. It 
is faid that the firll printers did not fubioia their names 
and inferiptions at the end of their books till the year 1457 : 
and this they continued to do till Fault either died or left 
off bufinefs. 4. The Latin Bible of 1462, being the 
fecond edition of it, now in the French king's library. 
5- “ Tally's Offices,” in quarto (the reft being all folios), 
in the year 1465, and 1466, for there are copies in the 
Bodleian, and the library of Corpus Chrifti college, Oxon, 
of both thefe dates. Some eminent writers have alTerted 
that this is the firft printed book. 6. Other bibles of 
1471. 7. “ St. Augullmc Civitate Dei," 1473. “ Mer- 

curius Trifmegiftus de Poteftate & Sapientia Dei,” in 1503. 
9. “ Titus Livius,” in 1518, &c. 

Add to this, that at Uie end of Li^ is a privilege granted 
by the emperor Maximilian to Schoeffer, grandfon of Fauft, 
for the foie power of printing that author for ten years ; 
and for fix years, to all the other books he fhould print 
thereafter ; in confideration of Fault's having invented the 
art of printing. This privilege is dated 1518, and figned 
Jac. Spiegel. 

Erafmus, however, in the cpiftle after that privilege, does 
not pofitively aver the faCt ; he only obferves, that the 
firft, or the chief inventor of that art, is held to be J. 
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Fauft. In the advertifement to the faid hook, Nic. Car- 
bachius fpeaks to the fame efre£t as to the privilege, and 
Erafmus. 

As to Guttenberg, Mentel, and Caftor, Naude obferves, 
the perfon it not yet born that can fay he has ever fecn 
books printed by any of them, before or as early as 
thofc of Faull. All that is urged on their behalf, is only 
founded on reports, conjedtures, probabilities, forged audio- 
rities, and the jcaloufies of cities againft one another. 

Yet Salmutn, in his additions to Pancirollus, cites a public 
aft, by which it appears that Faull, after liaving invented 
printing, and fuilained it a long time on his own footing ; at 
length took in Guttenburg as partner, to contribute to the 
expence ; which was very great, by rcafon the firfl books 
were inoft of them printed on vellum, or at lead on parch- 
ment, and after the Chinefe way. 

Blit the caufe is not thus decided : the advocates for 
Coder urge divers things, which feem to put hirr. in the 
place here afligned to Fault. Mr. Ellis, in the PhiJofo- 
phical Tranfaftions, fathers books on him prior to any of 
thofe above referred to Fault, and l » u fome as early as 1430 
and 1432. It is certain, the HaerlemeYs fhew printed bt)oks 
of that date, which agreeing fo well with tlie account given 
by Theod. Scriverius, and others, leaves Mr. Ellis little room 
to doubt, whether the honour of the invention be his or the 
othtr’s due. All that belongs to Faull, according to this 
writer, is the honour of cltabTifhing the art in greater lullre 
and perfeftion at another place many years after. 

But the difficulty lies, either in Ihewing why the praftice 
ffiould be at a Hand from 1432, to the reviving of it at 
Meutz by Faull and Schoeffer in 1465, or elfe in giving 
fome account of the condition and progrefs of this invention 
during that interval. 

Now, Boxhornius, Scriverius, and other authors, ex- 
prefsly affirm, that fo large a work as the “De Spiegel, Spe- 
culum Salutis” of Coder, fhewn at Haerlem for the lird 
printed book, could never be his firll eflay : he mull have 
had the art in its rougher rudiments before, and have 
made many trials on lefs works : no doubt his firfl at- 
tempts were on loofe Iheets, which we may fuppofc were 
eafily lod. In effeft, it mud be allowed no inconfidcrable 
argument in Coffer^s behalf, that the rudell and moft art- 
lefs performances fcom to be his. Mr. Ellis mc^ntions fome 
things of this kind without dale, which he had fecn in 
the king^s library at St. Jam^'.’s, in that of Bonnet college 
and the Bodleian at Oxford, with all the marks of the 
utmod fimplicity, and which might fairly bid for firfl ef- 
£ays. There is fomething fo aukward and coarfe in them, 
that any body almoft might have done them ; mere nature 
being lufficient, without any art or experience at all. The 
ink was only common writing ink, unartfully fpread upon 
wooden blocks, very clumfily cut, &c. 

By this time we nave traced up the art to fuch a Hate, 

that it may, perhaps, fcarcely fc*em worth the conteding who 

it was invented it ; and no doubt printing, as it now llands, 
owes more to the genius and addrefs of fome of the later 
improvers than it did to its firll author. 

The fame confideration may make us more eafy under our 
prefent ignorance of the inventors of moft other arts ; many 
of which had fuch fimple unmeaning originals, that it might 
perhapA be no mighty credit to be efteemed the authors of 
inventions not left artful and ingenious. 

We (hall conclude this account of the origin of printing 
with an abridgment of the hiftoiy of it, given by the late 
Mr, Bowyer, This writer obferves, that the honour of 
having given rife to this art has been claimed by the cities 
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of Haerlem, Mentz, and Strafburgh. To each of thefe 
cities it may be aferibed in a qualified fenfe, as they made 
improvements upon one another. But the real inventor 
of printing was Laurelftius, of Haerlem ; who proceeded, 
however, no farther than to feparatc wooden types. His 
firft eir^ was about the year 1430; and he died about 
1440, after having printed the “ Horarium/' the “ Speculum 
Belgicum,*' and two diftVrcnt editions of Donatus. Some 
of Laurentius^s types were ftolen from him by one of his 
fervants, John Gensfleiich, fenior, who became the firll 
printer in Mentz, and publifhed, in 1442, “ Alexandn Gali 
Doftrinale,*’ and “ IVlri-HifpaHi Tradtatus.^* Thefe works 
were executed with wooden types, cut after the model of 
thofe which he had ftolen. In 1443, Geiisflcifch fciiior en- 
tered into partnerlhip with Fauft (who f applied money), 
Meidenbaehius, and others ; and in 1444 they were joined 
by John Censfleifch junior, who was dillinguilhed by the 
name of Guttenberg. Guttenberg, by the ailiftance of his 
brother, Gen..fleifch the elder, firll invented cut metal types, 
wnth whicli was printed the carliell edition of the bible. 
This edition appeared in 1450, and the completing of it 
took up feven or eight years. Guttenberg uied none but 
either wooden or cut metal types. I'lic carrying of the art 
to perfeftion w^as owing to Peter Schoefter, the feryarit and 
ion-in-law of Fauft, who invented the mode of catting the 
types in matrices ; and wdio was probably the firll engraver 
on copper-plates. The firll book printed with the improved 
types was “ Durandi Rationale,*^ in 1459. More copies of 
the earlieil books w'ere printed on vellum than paper. This 
method, however, was loon changed ; and paper was intro- 
duced for the greatell part of the imprelhons, a few only 
being printed on vellum, for curiolities, and for the purpofe 
of being illuminated. 

With regard to the claim of Straffiurgh, it appears that 
Guttenberg had endeavoured to introduce printing into that 
city before he joined his brother at MmUz ; but without 
luccefs. The firll aftual printers at Stralburgh were Men- 
telius and Egleltenius ; and there is no certain proof of a 
fingle book having been printed there till after 1462. The 
difperfion of the Mentz printers, in that year, occalioiied 
the art to fpread rapidly tlirough Europe ; and in 1490 it 
reached even to Conftantmople. Thofe who wilh to fee 
this fubjeft farther dilcufl' d, and to find the authorities on 
whicli this abftradl of the rife of printing is founded, may 
confult Meerman's “ Origines Typographicse,’’ quarto, 
1765, and Bowyer’s “ Origin of Printing,” edit. 2. 

Phinting, Progrefs of The firll printers, then, whoever 
they were, made their firfl eflays on wooden blocks, or 
forms, after the Cliincfe rnaninr. 

It is not improbable, fays Mr. Bagford, they might take 
the hint from ancient medals and leals. To tliia purpofe, 
it is obferved, that the arts and fcienccs, efpccially lla- 
tuary and fculpliire, were arrived at fo great perfeftion 
among the Romans, at the time when that empire was in its 
greatell glory, that it is much to be wondered at that the 
art of printing was not found out among them ; an art fo 
nearly allied to that of tlie cutting of feals and the dies of 
medals. 

The making of thefe dies, and the llamping of their coins 
with them, was, in reality, no other than printing on metal ; 
and their impreffing their feals, cut in cornelians, agates, &c. 
on wax, was another fpccics of printing on this fubftance. 
And finally, a third fort of printing among them, was the 
impreffing the name of the workmen on their pieces of fine 
earthen -ware. 

Montfaucon, in his Antiquities, gives the figures and de- 
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fcriptions of feveral very large Hgilla of the RomanS} in 
which the names were all cut m hollow, in capital letters ; 
and he imagines, that the ufc of thefe was to mark large 
earthen veflds with, while the clay was foft, and particularly 
thofe large veflels in which the Romans kept their wines. It 
does not fccm that this diligent enquirer into antiquity ever 
met witli any of thefe figilla with the letters or charadlers 
in relief, or Handing out in the manner of our modern types 
for printing, fince he mentions none fuch ; yet the remains 
of the Roman antiquities in terra cotta, or earthen-ware, 
fliew that they had fome fuch, though they were Icfs common 
than the others ; thefe yellbls fometimes being marked with 
letters going in, though in general they have them all Hand- 
ing out, as muH be the cafe when the imprellion was given 
from a figillum cut in creux. 

There is now, in the colledioii of the duke of Richmond, 
a figillum of the other more rare kind, which brings the 
difcGVcry very near to that of printing : on this all the 
letters are raifed, as is alfo the verge or rim of the feal in 
the manner of our types ufed this day in printing. The 
Hamp is made of true ancient brafs, and has on it the 
common green coat of lerugo, which diHinguifhes the true 
antique medals. The plate is nearly two inches long, and 
nearly an inch in breadth, and has on the back part a ring 
for the convenience of holding it for making the imprcflion. 
The letters Hand in two rows ; they are the common Roman 
capitals, very w^ell made, and their faces all Hand exactly on 
the level with one another, and with the furface of the verge 
of the fcal. This feal was exaftly of the nature of our 
method of printing fo many letters at once. It contains 
the name of one Cams Julius Cacciliiis Hermias, fome private 
man, as we have no account of any perfou of this name 
upon record. It ferved him probably to fet his name to any 
thing, to fave him the trouble of writing ; and the name 
being that of fome private man feems alfo to prove, that 
thefe figilla were very common among that people. It was 
evidently made to be ufod on parchment, or fome other fuch 
thin fubilance ; and the manner of ufing it muH have been 
by firH dipping into ink, or fome other coloured matter, not 
plunging it fo far as to touch the ground, fo that the letters 
only l>ecame marked, and gave their figures on the paper. 
The ground of this feal is very rough and uneven, and thence 
alfo it is plain, that the ufe of it was not to prefs down any 
foft fubilance, fuch as clay, or the like ; becaiife the im- 
pcrfe^lion of the ground would, in that cafe, have been 
feen j whereas in the ufe it was really intended for, the 
ground never gave any imprellion, and therefore there 
was no reafor for beHowing any pains on the working it 
even. 

The firH ufe of printing among the later ages, was by 
wooden blocks in this very manner ; and it was not till long 
after this invention, that we learned the way of ufing fepa- 
rate types for the letters ; and thefe were then called tyfi 
mohilts^ in oppofition to the blocks, where the whole page 
was contained together, which was called typi Jixu This 
fignet of the duke of Richmond’s, which was found near 
Rome, is truly and properly one of thofe typi Jixif and 
prints off its imprelfion on paper with our modern printer’s 
ink, as well as any fet of letters cut in tfiis manner can be 
expe&ed to perform. This feems, therefore, the moH an- 
cient fample of printing that we know of ; for, by the ap- 
pearance of the metal, it feems to be of the Higher Empire. 

It is plain, by this Hamp, that the very efl’ence of print- 
ing was known to the Romans ; for they liad nothing to do, 
but to have made a Hamp, with lines three or four times as 
long, and containing twenty lines inliead of two, to have 
formed a frame of types that would have printed a whole 
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page as CoHer’s wooden blocks, ufed in printing the book 
cafled Speculum Salutis,” which, as fome fay, is the firH 
book printed in the year 1440 , and confiHing of pidlurcs 
of (lories out of the bible, with fome of the verfes under- 
neath each page ; being printed from a block of w^ed, like 
a wooden cut. This was the firH effay of fixed types, from 
which the moveable, or common feparate types were foon 
deduced ; and it feems Hrange that the Romans, who were 
as fagaciouB a people as any in the world, fliould not as eafily 
have fallen upon the ufe of feparate types, in which the 
whole art of modern printing confiHs, from fuch fignets as 
thefe, as the later ages from CoHer’s wooden blocks, which 
were plainly no other than larger works of the fame kind. 

Cicero, in his book “ De Natura Deorum,” has a paf- 
fage from which Toland fuppofes that the moderns took 
tlie hint of printing. That author orders the types to be 
made of metal, and calls them fornus Hterarum, the very 
words ufed by the firH printers to exprefs them. It is plain 
from Virgil, that brands, with letters of the owner’s name, 
were in ufe in his time for the marking of cattle. And we 
have an account of the fame artifice that is now ufed for the 
painting of cards being ufed by the emperor JuHin, who 
could not write. There was a fmooth board, with holes 
cut through it, in form of the letters of his name ; and 
when he had occafion to fign any thing, this was laid on the 
paper, and he marked the Tetters with a pen or Hylus dipped 
in red ink and dire<Hcd through tlie holes. Philof. Tranf. 
N"’ 479> P- 393- 

But others rather imagine the art of printing to have 
come from the method of making playing cards, which, it 
is certain, bear a nearer refemblance to the primitive procefs 
of printing than feals ; as appears from the firll fpccimens 
of that art above mentioned. 

The book at Haerlem, the vocabulary called “ Calholi- 
con,” and the pieces in the Bodleian and Bennet college, 
arc all performed in this way ; and the imprelfion appears 
to have been given on one lide of the leaves ; after which 
the two blank lides were palled together. 

But they foon found the inconveniencies of this method, 
and therefore bethought themfelves of an improvement ; 
which was by making finglc moveable letters, diHin^l from 
one another, 

Thefe being firH done in wood, gave room for a fecond 
improvement j which was the making of them, at length, of 
metal ; and in order to that, cutting moulds, matrices, &c. 
for caHing them. 

From this ingenious contrivance we ought to date the 
origin of the prefent art of printing, as pradlifed through- 
out Europe j contradiilinguifiicd from the methods of the 
Chinefe abroad, and the card-makers at home, which were 
the fame art, only pra^lifed in a different place, or with a 
different view. 

And of this, Schoeffer, or Schefl’er, firH fervant, and 
afterwards partner, and fon-in-law of FauH, at McmUz, 
above mentioned, is pretty generally allowed the inventor j 
fo that he was properly the firH printer with fufile types. 

But the art being yet in its infancy, there were fome im- 
perfedions in the books they printed ; among the reH was 
the want of capital letters : hence they left the places of 
the initial letters blank, and gave them to the illuminers to 
paint in gold, or azure, though others fay, this was done 
defignediy, to enable them to pafs off their books fur manu- 
feripts. 

Some authors tell us, that FauH carrying a parcel of lus 
bibles to Paris, and offering them to fale as MSS., the 
French, upon confidering the number of books, and their 
exadt conformity with one another, even to a point, and that 
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Ae bed book-writers could not be near fo ex aft, concluded 
there was witchcraft in the cafe ; and, by either aftually in- 
difting him as a conjuror, or threatening to do fo, extorted 
the fecret. And thence the origin of the popular (lory of 
Dr. Faulliis. 

From Mentz, about the year 1462, when it was taken, 
plundered, and deprived of all its former rights and fran- 
chifes, the art of printing foon fpread itfelr throughout a 
good part of Europe; Haerlem and Strafburgli had it very 
early ; which, as authors reprefent it, occafioned llieir pre- 
tending to the honour of the invention. 

From Haerlem it paifed to Rome in 1466, where the 
Roman type was introduced in 1467, which was foou after 
brou^^’ht to great perfeftion ; and into England in the reign 
of Henry VI. by means of Thomas Boiirchier, archbilhop 
of Cuttterbury, who fent R. Tournour, mailer of the robes, 
and W. Caxton, merchant, to Haerlem, to learn the art. 
Thefe privately prevailing with Corfellis, an under-work- 
jnan, to come over, a prefs was fet up at Oxford.* 

This account depends on the authority of an old manii- 
feript chronicle, faid to be preferved in the archbilhop’s 
palace, and cited by Atkins, in his “ Original and Growth of 
Printing in England,** publilhcd at Eondon in 1664. 7 'his 
chronicle informs us, that the execution of the hulinefs in- 
truded with Tournour and Caxton, cotl fifteen hundred 
marks; and that printing was fet up at Oxford before there 
was any printing prefs or prinl,er in France, Spain, Italy, or 
Germany, except the city of M^ntz, which claims feiiionty 
as to printing even of Haerlem itfelf, calling hciklf Urbem 
Mogunttmm artis typogriiphiC4f invent riceni primam; though it 
is known to be otherwiie, that city (as the chronicle adds) 
gaining that art by the brother of one of the workmen at 
Haerlem, who had learned it at home of his brother, and 
afterwards fet up for himfelf at Mentz. Tliis prefs at Ox- 
ford was at lead ten years before there was any printing in 
Europe (except at riaerlem and Mentz), where alfo it was 
but new-born. This prefs at Oxford was afterwards found 
inconvenient to be the foie printing place in England, as 
being too far from London and the lea ; upon which the 
king fet up a prefs at St. Alban’s, andaiiotlier at the abbey 
of Wedminllcr. But the authority of this chronicle has 
been warmly difpulcd by Mr. Palmer in his “ Hidory of Frint- 
ing/' i73.S» book iii. ; Dr. Ducarel, in his letter to Mccr- 
man, I^r. Middleton, Ames, and others, who maintain that 
there was no printing in this kingdom till the introduftion of 
it by Caxton, who had acuuired it in his travels abroad, 
about the year 1474, or as iome fay, 1470 or 1471. 

But Mr. Bowyer, in his notes to the Abridgment of 
Dr. Middleton's « Diflertaiion on the Origin of Printing in 
England,” hath offered feveral reafons to Ihew, that the ac- 
count given in Atkins’s record is not fo incredible or im- 
probable as fome perfons have imagined. 

Mr. Meerinan, in his learned work already cited, is a llre- 
11UOU8 advocate for the authenticity of this record : and he 
apprehends that the period to which this hillory relates, 
muff have been between the years 1454 *459 > hecaule 

Bourchier was made archbilhop of Canterbury in 1454* and 
Edward IV. fucceeded Henry VI. in 1460. This accurate 
writer has produced a variety of evidence in fupport of the 
claims of Corfellis, for which we muff refer to his elaborate 
work, and particularly to his letter in reply to Ducarel, 
tom. ii. p. 19, &c., and to Mr. Bowyer, ubi fupra ; which 
evidence derives much confirmation from a book with a date 
of its imprelfion from Oxford, anno 1468, copies of which 
are in feveral public libraries, particularly at Cambridge, 
Oxford, lord Pembroke’s library, &c. This is a fmall vo- 
bune of forty-one leaves in quarto, with this title ; Expo- 
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fitio Sanfti Jeronimi in Symbolum Apoffolorum ad Papam 
Laurentium,** and at the end are the following words, “ Ex- 
plicit Expofitio, &c. imprefla Oxonia; & finita, Anno Do- 
mini MCCCCLXVIIl. XVII die Decembris.” 

If the authority of this book be admitted, it is a clear 
proof and monument of the exercife of printing in Oxford 
loveral years before Caxton liegan to deal in it. Dr. Mid- 
dleton, indeed, endeavours to (hew that the date is a falfe 
one ; and, not to mention the rell of his arguments, con- 
firms his opinion from this circumftance, that we have no 
other fruit or produftion from the prefs at Oxford for eleven 
years next following. But this objeftion is invalidated by 
two con fiderat ions ; firff, that Corfellis’s books may hav ‘ 
been loll, a thing by no means uncommon in thofe days oi 
ignorance ; and, fecondly, that the civil wars broke out in 
1469, which might probably oblige our Oxford printer to 
ffuit up his prefs. 

Mr, Bowyer produces a paffage from the fecoiid part of 
Shakfpeare’s Henry VI., as a farther evidence of a more 
early introdudl ion of printing into England than hath gene- 
rally been fuppofed See alfo Moerman ubi fupra, monitum 
noviflimum, prefixed to tom. ii. 

The refult of the whole is, that this faft doth not at all 
derogate from the honour of Caxton, who w^as the firff per- 
foii in England that praftifed the art of printing withfufile 
types, and confequently the firff who brought it to perfec- 
tion : whereas Corfellis printed with feparate cut types in 
wood, being the only method which he had learnt at 
Haerlem. 

In 1467, printing was fet up in the city of Tours; at 
Reuthlingen and Venice in 1469 ; and probably in the fame 
or next year at Paris, where Gering, Crantz, and Fri- 
burg'T, all Germans, invited thither by two dodlors of the 
Sorbonue, lei up a prefs in that learned huufe. 

Hitherto there had been nothing printed but in Latin, 
and the vulgar tongues; and this firll 111 Roman characters, 
then in the Gotliic, and atlaft in Italic. But in 1480, or, 
as fom fay, in 1476, the Italians call a fet of Greek types ; 
and it w'as at Venice, or, as fome fay, at Milan or Florence, 
that tlie firff editions in that language appeared. 

Here we may obferve, that the firff Greek printing was a 
few fentenccs of Tully’s Offices at Mentz, in 1465, which 
were veiy incorreft. In the fame year, fome Greek quota- 
tions in an edition of Laftantius’s Inllitutes, were neatly 
printed, in a monaflcry, in the kingdom of Naples. The 
fir ft whole Greek book was the Grammar of Couffantinc 
l.afcaris, at Milan, in 1476. See Bowyer, ubi fupra, 
Appendix, I ; or llie excellent edition of the Biogra- 
pliia Britannica, by Dr. Kippis, art. jltkins^ note (A). 

*The Italians, too, have the honour of the firff Hebrew 
editions, whicli were printed about the fame time with the 
Greek, at Soncino, a little city in the duchy of Milan ; 
under the direftionof two Jewifli rabbins, Jolhuaand Moles, 
whofe works are dated in the year of the world 5244, an- 
fwering to the year 1484 of the Chriftian era. 

Towards the end of the fixteenth century, there appeared 
various editions of books in Syriac, Arabic, Perfian, Ar- 
menian, Coptic, or Egyptian charafters ; fome to gratify 
the curiolity of the learned, and others for the liturgic ufea 
of the Chriftians in the Levant : thefe were printed chiefly 
at Paris ; whither puncheons and matrices were fent from 
Conttantinople by M. Savary, then ambaliador at the 
Porte. 

Oiit of Europe, the art -ot printing has been carried into 
the three other quarters of the wojTd : for Afia, we fee 
impreflions of books at Goa, and in the Philippines ; at 
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Lims, Brtfton, Philadelphia, Mexico, &c. for America ; 
and at Morocco for Africa. 

Tlie Turku, ii^dced, are faid rigoroufly to prohibit print- 
ing throughout tlu'ir empire, as imagining that the too free 
communication with books might occafion fome change in 
religion or government, but tliis is to be underllood with 
fome limitation : and it is certain that the Jews have feveral 
editions of their hooka printed at Coiiilantiiiople, TiiefTalo- 
nica, &c. 

Printincj, Method of* Fur the printing letters fee the 
annexed fpecimen. 

For the method of forming and calling them, fee Letter 
Foundery. 

And for the art of engraving the puncheons, matrices, 
5cc. in order thereto, under the articles* Engraving, Pun- 
cheon, Matkick, &c. 

The workmen employed in the art of printing are of two 
kinds ; compafUors^ who range and difpofe the letters into 
words, lines, pafl’ages, &c. according to the copy delivered 
them by the author ; prejfmen^ who apply ink upon the 
fame, and take off the imprefllon. See Composition, 

OJice of the Compofttor, — The types, being call, &c. are 
dillnbuted, each kind by itfelf, among the divifions of tw^o 
long w^ooden frames, an upper and under one, called cMes ; 
each of which is divided into little cells, or boxes, of dif- 
ferent fizes. 

The boxes of the upper cafes are in number ninety- 
eight ; and m thefe arc difpofed the capitals, fmall capitals, 
accented letters, &c. In the cells of the lower cafe, which 
are fifty-four, are difpofed the common running letters, with 
the points, commas, fpaces, quadrats, &c. 

Each cafe is placed a little aflope, like a reading-defk, that 
the operator may reach the upper boxes the better, and be 
in lefs danger of mixing the letters by ftretchiiig his arm 
over them. 

The compofitor’s poll is againll the middle of the cafe, 
and he works Handing, holding an inllriiment, ufually made 
of iron, called the compftngfiickj in one hand ; with the 
other he takes the types as he requires them, out of the 
boxes ; ranges them on a fhp of brafs, called a rule, in his 
compofing-llick ; and, putting a fpace, to make a blank be- 
tween #ach two words, forms one line after another, till tb? 
flick being full, he empties it out upon another inllriiment, 
called the galley ; feveral of which ranged and wedged tight 
in an iron frame, called a chafcy are ready for the prefs. 

This Ihort view of compoling may need to be farther il- 
lullratcd and enlarged upon. The compofing-ftick, then, 
(reprefented Plate IV. Printings Jig. 5.) confills of a plate, 
or flip of iron, brafs, wood, &c. mure or lefs broad, and 
contrived fo «is to be made more or lefs long, according to the 
width of the page, and the number of lines to be compofed 
in it. 

Trom the right fide of this plate arifes a ledge a j, about 
half an inch high, running the whole length of the plate, and 
ftrving to fuflain the letters, the fides of which are to reft 
againll it 5 from the fame plate likewife arife three other 
lelfer pieces, b and r, r, two of which, r, r, arc contrived to 
Hide along it, fo that the two pieces may be either ap- 
proached or withdrawn at pleafure, to adjull the If'ngth of 
the line to the meafure intended. Add, that where marginal 
notes, references, &c. are required in a work, the two Hiding- 
pieces, r, r, are opened in the compofing-ftick to a proper 
diftance from each other. 

Before the workman proceeds to compofe, a rule, or thin 
flip of brafs plate, cut to the length of the line, apd of 
the fame height as the letter, is placed in the compofing- 
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ftick againft the ledge of it, for the letter to bear imme- 
diately againft. 

Things thus prepared, the compofitor having the copy 
lying before him, and the ftick in his left hand, with the 
right he picks up the letters, fpaces, 6cc. and places them 
againft the rule ; while with the thumb of the left he preftes 
them clofe to the upper ferew, or cheek : and thus keeps 
them tight and fteudy ; while the other hand it conftantly 
employed in fetting in more letters 5 the whole being per- 
formed with a degree of expedition and addrefs not ealy to 
be imagined, 

A line being thus compofed, if it end with a word or fyl- 
lable, and fill the meafure, there needs no farther care ; 
otherwife more fpaces are to be put between the feveral words 
to jullify the lines, i. r. to make the meafure quite full, fo 
that every line may end even ; and thus, he proceeds to an- 
other line. 

The fpaces here ufed are a fort of blanks, of the like di- 
menfions as the letters, but lefs high ; and whofe faces, 
therefore, when fet, do not appear, nor give any imprefllon. 
They are of feveral kinds, according to the dimenfions of 
the whites or intervals to be made by them, viz. quadrats, 
to fill up a break at the end of a paragraph, or the like ; 
m quadrats, which are fquare, and of the thicknefs of an m, 
ferving to make the diftance after a period, or between fen- 
tence and fentence ; n quadrats, of the thicknefs of an n, 
to be placed after colons, femicolons, and commas ; and 
thick or thin fpaces, to be ufed between the words in juftify- 
ing, as above. 

For marginal notes, in the fpaces referved for them be- 
tween the t^o Aiding pieces of the compofing-llick, arc 
put little quadrated pieces of metal, called austations ; which 
are jullificd by other fmaller pieces ; a flip of fcaleboard 
being placed from the top of the page to the bottom, to 
keep the note and text at due diftance. 

The lirftline being thus completely juftified, the compo- 
fitor advances to the next ; in order to which, he moves the 
brafs rule from behind the former, and places it before it, and 
thus compofes another line againft it, after the fame manner 
as the former : and thus he goes on till his ftick be full, which 
he empties into the galley, after the manner following : 

Taking the rule from behind the laft line, he places it 
before it ; and with his two middle fingers fqueezes the 
lines in the Hick clofe ; his two fore-fingers at the fame 
time being applied on the outfide of the ruk : thus he lifts 
them out of the ftick, and clapping his two thumbs behind 
the firft line, lifts them into the galley ; taking care to dif- 
engage his two thumbs without breaking the lines. 

The compofitor having thus fet the proper number of 
lines in the llick, viz. four, five, fix, or more, and emptied 
them out into the galley, he again fills and empties, as be- 
fore, till a complete page be formed ; remembering at the 
bottom of every page to fet a line of quadrats, and at the 
end of it the firft word of the page enfuing, for a catch-word ; 
and if it be the firft page of the ftieet, one of the letters 
for a fignature. 

The galley is a flat wooden tray or difti, in form of a 
long fquare; of a length and breadth proportionable to 
that of the page ; it confills of two parts, the upper, 
called the Jlicey by which the pages of large volumes, when 
compofed, are Hidden upon the ftone ; the other, called the 
coffirty which is the body of the galley, is lodged on three 
fidcs to contain the flice ; the inner ledge not to exceed 
half an inch in height, that the compofed page rifing above 
it by one half the height of the letter, may be tied up, or 
bound down, and removed without danger. When at work^ 
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the compofitor places this galley at the top of the cafe, and 
it is prevented by a wooden pin from Aiding down the 
boxes/ 

The page, then, being compofed, and ranged in the 
galley, he ties it up in it with a cord or packthread, and 
lets it by, and proceeds to the next, till the number of 
pages of t^' Aieet be completed ; which done, he carries 
them to the impofing or corred^ing Hone, there to range 
them in order in a chafe ; which they call im^Jing, 

The chafe is a redtangular iron frame of different dimen- 
fions, according to the fize of the paper to be printed on, 
having two crofs pieces of the fame metal, called a long 
and Joort crofs^ mortifed at each end into the frame, fo as 
to be taken out occafionally. 

By the different fituations of thefe croffes, the chafe is 
fitted for different volumes, for quartos and odavos ; one 
traverfes the middle lengthwjfc, the other broadwife, fo as 
to interfeA in the centre, which is the moll cuftomary fitiia- 
tion ; for twelves and twenty-fours, the Aiort crofs is Ihifted 
nearer to one end of the chafe. For folios, the long crofs 
is left entirely out, and the Aiort one placed in the middle ; 
and for broad-fides, or Aicets printed on one fide only, both 
croffes are fet afide. 

To drefa the chafe, or range and fix the pages in it, 
they make ufe of a fet of furniture, confifting of reglcts, 
or Aips of wood of different dimenfions, and about half an 
inch high, that they may be lower than the letters ; foine 
of thefc are placed at the top of the pages, called hed(U 
picks ; others between them to form the inner margin, called 
gutter Jlicks ; others at the fidcs, called Jide^fticks ; and others 
at the bottom, called foot-Jlichs. 

The pages then being placed in order on the Hone, the 
chafe is put over them, and the reglets applied between 
the letter and the chafe, in the polition abovc-memtioned ; 
the whole is locked up by means of fmall pieces of wood, 
cut in the wedge-form, called quoins ^ which are driven with 
a mallet and Aiooting-Hick to a fufficient tightnefs. Before 
the form be quite locked up, they prefs dowh the fame, 
by pafilng a fmooth piece of wood, called the plainer^ over 
the letters, to make their furfaces Hand flat and even ; 
and, when locked up, they Hiake it, to fee that nothing 
ftir. 

In this condition, the work is called a formt containing 
more or fewer pages, according to the volume. 

As there arc two forms required to every Aieeti when 
both fides are to be printed, it is neceflary they be exaftly 
of the fame length and breadth; i. e. the correfponding 
reglets, head-Hicks, &c, are to be equal in both forms, 
that the pages may fall cxadlly on the back one of another ; 
which is esmed regijier. 

Here, then, properly ends the compofitor’s office ; the 
form, thus finiHied, being to be committed to the preffman. 

Indeed, as it is impoliible but there muH be miHakes in 
the work, either through the overfight of the compofitor, 
or by the cafual tranipofition of the letters in the cafes ; 
after drawing off a proof, it is delivered to the correftor ; 
who reading it over, and rediifying it by the copy, it is re- 
manded to the former operator, to be correfted accordingly. 
For the chara6lera ufed in corre£ling a Aieet for the com- 
pofitor, fee Correction. 

The compofitor, then, unlocking the form upon the 
corre£ling-Hone, by knocking out or loofening the quoins, 
and fpr'eading his corre&ed proof fo as that the lines of it 
range with the refpcAive ones of the metal, by running 
hit eye along both, he eafily fpics where corredlions are to 
be made ( ac$;ording to which) he proceeds to pick out the 


faulty letters, points, &c. with a iharp.pointed fteel bodkin, 

and puts others in their places. 

Where the alterations are confiderablc, and particularly 
w^re infertions or omiAions are to be made, there ufuaily 
anfes a neceflity of over-running ; in order to which, they 
muH decompofe, or return the lines back from the chafe 
into the galley, and from the galley again into the com- 
pofing-Hick, to be ncw-modclleu and reftified accordingly. 

If, r. gr. one or more words, to be inferted in a line, 
cannot be gotten in by changing the fpaces of the line 
for lelfer ones, part of the line muH be put hack into, the 
clofe of the preceding one, or forward into the beginning 
of the fubfoquent one, or both, till room is obtained! 
If Ihc infertion be large, fevcral lines will need to be over- 
run, either backward or forward, till a break is arrived at ; 
when if it be not gotten in, a line is to be diivcii out ; and, 
to get in that line, the next pages, either backward or for- 
ward, muH fometimes be over-run before it can come in. 

When an omiAlon is to be made, the coiitrary courfc 
muH be taken. It it he but little, the compofitor takes 
it out, and drives out the remaining matter, either by cn- 
larging his fpaces, or bellowing the hepinning of the fol- 
lowing, or the dole of the preceding line therein. If it 
be confiderablc, he ma) be obliged to over-run (everal 
pages before it can be driven out. 

As to the lauhs which efcape the corredoi* and com- 
pofitor, they are ufuaily noted in what we call the errata. 
The ancirnt editions had no errata; but in lieu of it, tliey 
corrected the faults in each printed copy with a pen, which 
was eafy enough in thofc days, llioiigli impradicable now. 
In efle£t, wc have anciently had printers, who did not need 
an errata of above five articles in a volume of five hundred 
Aiects ; and the diHinguiniing excellence of" printing is cor- 
re6Inefs ; and in tliKH refpedt many of our modern printers 
deferve much commendation. 

Befides the fevcral kinds of letters and charaiilers above* 
mentioned, ufed in printing, they have likewife rules for 
black liiiCB, borders, and head and tail-pieces, accommo- 
dated to the feveral kinds of letters. 

The rules for black lines are of brafs, and are made ex- 
aflly of the height of the letter ; otherwife they will 
hinder the neighbouring letters from printing, or will them- 
felves be hindered by them, Thefe the compofitor occa- 
fionally cuts into proper lengths, as his work requires. 

The borders^ or fowers^ are a kind of ornaments, in 
form of long bars, ferving for the divifion of books, 
chapters, ficc. Their depth is proportioned to the letter ; 
and their length adjuHed to the page ; for being compofed 
of feveral moveable pieces, it is ealy to lengthen or Aiortcn 
them. 

The head and tail-pieces^ cut either in wood, newter, hrafs, 
copper, or iilver, are compartiments uled at the beginnings 
and endings of books. 

The initial letters are fometimes cut in wood, and figured ; 
fometimes call like the other characters. 

For the conveniency of the binding, the printers had 
early recourfe to fignaturcs, j. e. letters of the alphabet 
placed at the bottom of the firH page of each Ihect, which 
fliew the order they are to be bound in, as well as whether 
the quires are complete ; which method is Hill continued. 

The catch-words ferve nearly the fame purpofe ; thefe 
are the firH words of each page, which are inferted at the 
bottom of the preceding pages. The number of the pages 
are equally ferviceable to the reader and the binder, to 
guide to references, and to warrant the book duly bound 
and collated ; fome printers formerly put them at the bot- 
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toms of the pa^es ; but cuftom has now carried it for the 
tops. 

fn the infancy of printing, they had likewife a regiftrum 
chartarum for the convenience of the binders : to draw 
tins, at the end of each volume, they colleaed the figi:a- 
tures, and th(> liril words of the tiril four fheets of each 
alphabet. To abridge it, they afterwards contented them- 
felves to exprefs the fignatures, and how often each letter 
was repeated ; but the regiftrum has been now long dif- 
ufed. 

Prejfmnn^s ojicey or PiUNTiKC., properly Jo called. To 
work oft* the form tljus .prepared and correfted by the 
compofitor, there are three things required, paper, ink, and 
a prefs. 

To fit the paper for life, it is to be firft wetted or moif- 
teiied, by dipping fevcral fheets together in water ; thefc 
arc afterwards laid in a heap over each other ; and to make 
them take the w'ater equally, they are all prefTed elofe 
dowm with a weight at top. As to the degree of wetting, 
it muft be according to the quality of the paper, and the 
iize of the letter ; fmall letters, and ftiff paper, requiring 
moft wetting. 

PiUNTiNG Ink 19 of tw'o kinds, black and red ; the lafl 
occafionally ufed in title-pages, calendars, &c. the firft for 
the body of books. The coinpofition of each, though now 
reckoned no part of the printer’s bufincfs, but ufually fur- 
nilhed them by other hands, is as follow'# : 

For hlnck ink . — A hundred pounds of nut or linfecd oil, 
being reduced, by boiling, to the confiftence of a fyrup, are 
cleanfed and purified by throwing into them two pounds of 
coarfr bread, and about a dozen onions. Nut-oil is fuppofed 
to be the beft, and is accordingly preferred for the black 
ink, though the darker colour which it acquires from the fire 
makes it fefs fit for the red. This oil is boiled in an iron 
pot, capable of holding at leaft half as much more, becaufe 
it fwells very much ; when it boils it is kept flirring with an 
iron ladle ; and if it does not itfelf take flame, it is kindled 
with a piece of lighted paper, or burning wood, in order 
to iricrcafe its confiftence and tenacity, and to diminifh 
its greafinefs. The oil is fuffered to burn for half an hour 
or more ; and the jlame being then extinguiftn d by cover- 
ing the veftel elofe, the boiling is afterwards continued, with 
a gentle heat, till the oil appears of a proper confiftence ; 
in which ftate it is called varnifti ; of which there Ihould 
be two kinds, one more and another lefs boiled ; or a 
thicker and thinner, to be ufed for difterent purpofes, and 
in different weathers. The oil is faid to lofe in being boiled 
into thick varnifh from a tenth to an eighth part of its 
weight ; but different oils, and perhaps th<* fame oil in dif- 
ferent ftates, differ in this relpeft. The defign of adding 
the bread and onions is more effc£iually to deftroy the 
greafinefs; but Dr. Lewis doubts, whether additions of 
this kind are of much ufe. Tliey then bod thirty or 
thirty-five pounds of turj)eiitinc apart, till fucb time as 
they find, upon its cooling on paper, that it breaks clean, 
like glafs, witliout pulvi-riziijg ; for if it pulverize eafily, 
it is a fign it is burnt. The oil and turpentine being 
thus prepared, the firft is gently poured, half cold, into 
the latter ; and the two Ibrred together with a flick uU 
they be well mixed ; after which the boiling is repeated 
and the compofition is fet by, to be ufed occafionally. 
The turpentine is ufed in ordv r to give a greater body to 
the varnifh, and to incrcafe its drying quality ; and with 
fome artifts, litharge has in this intention been a fecret. M. 
le Breton, in the Encyclopedia, obferves, that when very 
old oil is ufed, neither turpentine nor litharge are needful ; 
but that when the Qil is new, fome turpentine ought to be 
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employed, becaufe without it, the fmearing of the paper, 
by the fpreading or coming off of the ink, cannot be avoided ; 
and he adds, that it is much more eligible to ufe old oil 
than to hav‘ recourfe to this corrc6lion of the new; both 
turpentine and litharge, particularly* the laft, making the 
mixture adlif^re* fo firmly to the types, that it is fcarcely to 
he got entirely off by the ley, w'hence the eye of the letter 
is foon clogged up. 

Now to proceed to make ink, they take a quantity of 
tluj mixture, and add to it a certain quantity of lamp-black, 
working it up with a kind of wooden mallet, or braver, till 
the whole be incorporated, and reduced into a kind of pulp ; 
which 19 the ink for life. 

Where, note, that its thicknefs or ftrength is always to be 
proportioned to that of the paper, and tin vvarnuh of the 
wcjitlier ; Itroiig paper, and hot weather, reijuiring flrong 
ink : and that the ftrength or weaknefs of the ink depends 
on tlie greater or the lefs degree of codlion of the varnilh. 
According to M. le Breton, two ounces and a half of tlie 
lamp-black are fufficient for fixtecn ounces of the varnifti. 
LexMs’s Commerce of Arts, p*37i. 

For red ink^ they ufe the fame materials as for black, 
excepting only, that iiillead of lamp-black, they add a pro- 
per quantity of vermilion. Some hold, that by mixing and 
incorporating the bignefs of a nut of fifti-glue, or brandy, 
or the white of an#cgg, with the ink, the vermilion acquires 
a greater luftre. 

The Printing Prefs is a well contrived machine, and at 
a very early period of the art was brought to a degree of 
perfc£lion, which has not admitted of any very material 
improvements till the prefent age. Who firft invented it we 
arc not informed, but from Mr. Moxon wc learn, that it was 
very greatly improved by William Janfen Blaew, who ef- 
tabliflied a printiiig-houfe at Amfterdam, where he printed 
many books and maps, which he made from the obfervations 
of the famous Tycho Brahe, who had fur many years em- 
ployed him as an affiftant, and to make his inftriunents. 

Fig, I. Plate \N , Printing a reprefentation of theprint- 
ing prefs in perlpedlire. ll has two principal parts, cacli of 
which is compoled of fevcral others ; the firft is tlic body of 
the prefs, which is a frame conlainii^ the ferew, and platen, 
or furface which produces the preffure upon the paper ; and 
the other is the carriage, on which the form of types is laid, 
and has the means of being drawn out of the body of the 
prefs, to remove the paper wht'ii printed, and to fabfti:ute 
another fheet. For the convenience of changing the paper, 
the carriage is provided with frames, called the tyinpan and 
frifket, wliich fold upon each other and cnclofe the fheet be- 
tween them, and are llion again folded down upon the types. 

The body of the prefs coniills of two flrong polls, 
placed perpendicular, called the ch'^cks, which are joined to- 
gether by four horizontal crofs pieces ; the upper of thefe, 

is culled the cap, and has no office but to retain the two 
cheeks at their required dillances afunder; the next crofs 
piece, is called the head ; it is fitted by tenons at the end* 
into mortifes between the checks, and thefe mortifes are filled 
up with pieces of pafteboard or foft wood, in fuch a manner as 
to admit of a fmall motion or yielding. The head is fuftatned 
by two long fcrew-bolts, which fufpend it from the cap ; in the 
head is fixed a brafs nut, containing a female ferew or worm, 
which is fattened in the wood by two (hort bolts to keep it 
up ; the worm is adapted to receive the ferew by which the 
preffure is produced. The third crofs piece, e r, called the 
(helves, or till, is to guide and keep fleady a part, /, called 
ihchofe, in which the fpindle of the ferew (to be fpokenof 
hereafter) is inclofed* The fourth crofs plank, ff called 
the wintexi is fitted between the cheeks to bear the carriage | 
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it fuftains the effort of the prefs beneath, as the head does 
above, each giving way a little, the one upwards the other 
downwards, to make the pull the eafier. The fpindlc, jr » 
is an upright piece of iron, pointed at the lower end with 
fteel, having a male ferew formed on its upper end, which 
enters about four inches into the female ferew or worm fixed 
in the head : through the eye of this fpindle is fixed the bar 
or handle,'/^, by which the prefl'man works the prefs. The 
platen or furface which a6t8 upon the paper to produce 
the impreflipn, is fufpended from the point of the fpindle 
by means of a fquarc block or frame of wood, /, called the 
hofe, which is guided by paflliig through the fhelvcs e e : the 
lower part of the fpindle paffes through the hofe, and its point 
refts upon the platen i, being received into the plug fixed in a 
brafs pan fupplied with oil, which pan is fixed to an iron 
plate let into the top of the platen k. The preffman then, by 
pulling the bar h, fixed in the eye of the fpindle g, by an 
iron key turns the fpindle, and by means of its ferew prelTes 
down the platen upon the form oi types, which is covered 
with the paper, tympan, and its blankets, all thefe parts 
being brought under the platen by the carriage, when the 
impreflion is to be given. That the platen may be fufpended 
from the fpindle, and rife up again with it, the hoks i, is 
attached to the fpindle by the^ir^r/rr ; this is a fillet of iron 
fere wed to the hofe, and entering into a nick or groove 
formed round the upper part of the fpindle ; it prevents the 
hofe falling down on the fpindle. At each corner of the 
lower part of the hofe there is an iron hook fallened, and 
from thefe to fimilar hooks, fallened at each corner of the 
platen i, cords or packthread are looped to fufpend the 
platen, and they are exailly adjulled, to hang the platen 
truly level. 

The carriage I /, which is the other principal part of the 
profs, is adapted to run into the fpace between the checks 
under the platen. It is fupported upon the ribs /i, which are 
part of a horizontal wooden frame, having its fore-part fup- 
ported by a wooden prop called the fore-ftay, while the 
other end refts on the winter. On the rails oi this frame 
two long iron bars or ribs are nailed, and under the plank 
of the carriage are nailed fiiort pieces of iron or ftccl, called 
cramp irons, which Hide upon the ribs, when the carriage is 
run in or out, by the following means. Beneath the car- 
riage is placed a fmall fpindle called the fpit, with a double 
wheel formed in the middle of it, round which leather girts 
arc palTed and fallened, the oppofitc ends being nailed to 
each end of the plank, /, of the carriage. On the extreme 
end of the fpit is fixed the handle or rounce by which the 
prefiman turns the fpit, and this, by means of the wheel and 
ftraps, runs the carriage in or out at pleafure. The carriage it- 
felf confiils of a ftrong wooden plank /, upon which a fquare 
frame of wood is fixed, to form the coffin or cell, in which 
a marble or poliflied ftone is inclofcd, for the form of the 
types to be laid upon. To this coffin are fallened leather 
ftay-girts, one to each fide, which being at the oppolite ends 
fallened to the checks of the prefs, prevent the carriage 
running too far out, when drawn from under the platen. 
On the fore-part of the plank is a gallows r r, which 
ferves to fullain the tympans, when turned up from off the 
form, on their hinges. The tympans, r, j, are fquare frames 
covered with parchment. The frames are made of three 
flips of very thin wood, and at the top a flip of iron, Hill 
thinner, called a head-band. The two tympans are fitted 
together by the frame of one, being fmall enough to lie within 
the other : the outward tympan is fallened with iron hinges to 
jLhe coffin. Between the two parchments of the tympans 
two or three thickneffes of blankets arc placed, which lerve 
to make the impreflion of the platen upon the furface of 


the letters more equal, as alfo to prevent the letters from 
being broken by the force of the prefs. The ufe of the inner 
tympan IS to confine thefe blankets. The friflcct, /, is a 
Iquare frame of iron, made very thin, alfo covered with 
paper or parchment, and fallened to the head-band of the 
outer tympan by hinges : it folds down upon the tympan, 
to enclofe the Ihect of paper between them, the parchment 
or paper with which the irifl<ct is covered being cut out in 
t e ncceflary places, that the Iheet, when placed between 
the tympan and frilket, and both together folded down on 
the form, may receive the ink from the types in the pages ; 
but the frilket flicet keeps the margins clean. The tympan 
and fnll<et, when folded down, lie flat upon the form, and 
Uie carriage willi them is run into the prefs ; but when the 
meet is to be taken out, the tympan is lifted up upon its 
hinges, and rclls, as reprefented, in an inclined pqfition 
againll the gallows r , before mentioned, at the back part of 
the carriage ; then the frilket, /, is lifted up on its hinges, 
and fullaincd by a flip of wood, w, hanging from the ceil- 
ing, v/hilll it continues open, to take out the printed Ihcets 
and put in others. 

To regulate the margin, and make the lines and pages 
anfwer each other when printed on the oppolite fide of the 
Ihect, two iron points are fixed to the middle of the wooden 
fides of the frame of the tympan, which make two holes in 
the Iheet. Thefe holes are placed on the fame pins, when the 
flieet is returned for making an impreflion on the other fide, 
which is called the raleratioiu 'and the pins are adjullablc, 
that they may make the imprcllions of the oppofitc fides ex- 
adlly correfpond. 

The ink is applied upon the form by balls, which arc a 
kind of woodeitcups with handles, the cavities of which are 
filled with wool, or hair, covered with Iheep^s llcin nailed to 
the wood. One of thefe the prelfman takes in each hand, 
and applyuig them on the ink-block, to charge them with 
ink, he works them one againll the other, to mix and dif- 
tribute the ink equally ; and, at lull, fmears over the form, 
by beating or dabbing them feveral times over the whole 
face of it ; this leaves the form in a condition to he palTcd 
under the prefs, with the moitlened paper laid on it. 

To prepare the prefs for working, the parchment of the 
outer tympan, againll which the flieet is to be laid, is 
wetted till it is very foft, in order to render the impreflion 
more equable ; the blankets arc then put in, and fecured 
from flipping by the inner tympean. Then, while one prefl- 
man is beating the letter with the halls, covered with ink, 
taken from the ink-block, the other perfon places a Ihcct of 
paper on the tympan, turns down the frifleet upon it, to in- 
dofe it, keep the margins clean, and prevent it flipping ; 
then folding the tympan down upon the form, and turning 
the rounce, py with his left hand, he brings the form, wilU 
the Hone and carriage, (which altogether weighs about 
300 lbs, weight,) under the platen ; pulls the bar with tlie 
right hand, by which means the platen prelfcs the blankets 
and paper clofe upon the letter, whereby half the form is 
printed ; then releafing the bar, he advances the form {till 
forward into the prefs, by turning the rounce, and gives a 
fecond pull ; now letting go the bar, he turns back the 
form, lifts up the tympans, and opens the friflcct, takes out 
the printed fhect, and lays on a frefh one ; and this is re- 
peated, until he has taken off the impreflion for the full num- 
ber of Ihects the edition is to confift of. One fide of the 
flieet being thus printed, the form for the other is laid upon 
the prefs, and worked off in the fame manner ; the Ihect 
being fo difpofed, that the iron points (hall pafs through the 
holes already made in the flieet. 

Sometimes it is required to cut the frilket afrclh, where 



the fccond fide is to be more or 4 efs full of printing than the 
firft, as is frequently the cafe at the beginning and ending of 
books, half jjages at the ends of chapters, See. 

The number of fliects of the edition being complete, the 
form is to be feparated : to rcllore the letters into the com- 
pofitors" cafes, they hrft vvafli it in a Wrong ley, to take 
out the remains of the ink, fcouring it with a brufh, and 
then with fair water. This done, it is carried to a wooden 
frame to be unlocked, and the furniture, /. the fticks and 
quoins, taken off*, to difengage it from the chafe. Then 
the compohtor, taking out feveral lines at once upon a 
little brafs ruler, replaces each letter in its proper box, 
to be again ufed in the remainder of the imprcllion ; which 
lad operation they call diftribution. 

The operations of the printing prefs, when conduced by 
an expert prefliiian, are performed with a furprifmg ra- 
pidity ; but the labour is very great. Two men take it 
by turns to /»//, that is, work the prefs, and beat^ or ink 
the types. Whilit one workman is employed in pulling the 
flieet, his comrade is diftributing the ink on his balls, by 
tirft applying them to the ink-block, which is a fmall flielf 
fixed up againft one of the cheeks of the prefs, and has ink 
fpread out upon it by the (lice and brayer^ which is a wooden 
rauller to mix and grind the ink ; then applying the balls 
together, and turning them round in his hands, whilfl the 
furfaces are rolled or dabbed againft each other, the ink be- 
comes equally diftributed over them. By this time the 
preffman having made the pull, and opened the tympan, the 
other inftantly begins the beating, whilit the preffman gets 
the Iheet changed. In beating, he holds a ball in each 
hand, and applies them upon the types, with the handles in 
an inclined poiition ; and then he mounts the handles per- 
pendicular, by which means the leather is rolled over the 
furfacc of the types, and they are effectually inked ; but if 
they were moved in any other way, the hollows would 
ferape off the ink, and clog up the letters. Having thus 
inked a fpace of as much extent as the two balls will con- 
veniently cover, they are lightly lifted off the letters, and 
removed to another part, which is inked in the fame manner, 
till the whole fhect is gone over. 

The preffman, during the beating, has removed the 
printed iheet, and laid another evenly upon the tympan, 
which is done with great addrefs ; then folding down the 
frifket upon it, and Aiutting both together down upon the 
form, he runs in the carriage as before-mentioned, to take 
the firft pull ; for the platen being only half the fize of the 
(heet, it is printed at twice, and the firft time the carriage it 
run into the prefs, the preffman knows by a chalk mark pre- 
vioufly made on the carriage when the firft half of the meet 
is under the platen ; he now makes his pull, and letting the 
handle go back, runs the carriage in again, till the other 
half of the fheet comes under the platen, and then makes 
a fecond pull. In this operation he leant hit body back, 
and places his foot againft a foot-board beneath the prefs, to 
rain a greater purchafe. Preffei are, in general, adapted 
for the ferew to make a fufficient preffure by a quarter 
turn of it, but this the preffman can vary to his own 
inclination, by packing up the head, of the preft with 
pieces of pafteboard in the mortifes, till it yields as much at 
he requires for a long pull ; or if he puts blocks of wood to 
fill up the mortifes, it will make a Jhort pulU which has much 
tho advantage of the other, in refpeCl to the total exertion it 
requires ; but then the handle being fuddenly checked on 
coming to the preffure, it gives a fho» to the whole body, 
which few men can bear. Strong men will work beft 
with a folid prefs. 

The fevere labour of printing, by tke ordinary prefs, 
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has, for a long time paft, rendered it very defirable to ob- 
tain an acceluon of power. Many attempts have been 
made to produce a prefs which would print the whole furface 
of a fheet at a fingle pull : the firft which has come to our 
knowledge was brought from France many years ^o, and 
was called the Apollo prefs. It was a wooden prefs of the 
ordinary conftrudion, except that the platen was compofed 
of an iron plate inftead of a wooden plank, and made fuiii- 
ciently large to print the whole fheet at once ; the undei* 
furface of it was covered with brafs, and made truly flat. 
The ferew, or fpindle, inftead of being turned by the bar of 
handle, in the ulual manner, was united, by conncAing rods, 
with a long lever, placed at the fide of the prefs, and the 
man worked it by applying both hands to the lever, to bring 
it down nearly by tlie fame aftion as working the lever of a 
pump ; this allien, requiring a motion of the whole body, 
was found intolerably fatiguing, and in confequence they 
were foon difufed, even for printing newfpapcrs, where expe^ 
dition is a fuperior confideration to every other. 

Among the contrivances we have met with for improved 
printing preffes, the firft which has been fuccefiful in a long 
courfe of praftice, was invented many years ago by Mr. 
Roworth, a printer in London. Inftead of the ferew he ufes 
a plain vertical fpindle, furnifhed with a bar, hofe, &c. juft 
as ufual ; but the upper part, wliere the worm is ufually 
cut, is a plain cylindric fpindle, and fits into a focket fitted 
into the head of the prefs. Upon the upper end of the 
fpindle, juft beneath the head, a fhort crofs arm is fixed, which 
adls againft a circular inclined plane fixed under the head 
of the prefs ; therefore, by turning the fpindle, the crofs arm 
a<fts againft the under fide of the circular inclined plane, and 
caufes the fpindle to defeend in the fame manner as the 
ferew, but with this advantage, that the inclined plane is 
formed with a rapid defeent at the time the a£lion firft 
begins ; but when the platen has come down to the tympani 
and the preffure begun, the plane has a very flight inclina- 
tion, and therefore a great power to produce the imprelfion ; 
and this power increafes as the refiflance increafes. Still, 
from the manner in which the platen is firft brought down, 
there is not, on the whole, that correfponding lots of time 
which takes place in the ufual mechanical combinations for 
producing a great power. A great advantage is alfo derived 
in the working of this prefs, from making the inclined 
plane and crofs arm of hardened fteel. 

The Stanhope prefs, which is now becoming general, has 
this property in a higher degree, and is therefore capable of 
printing a double furface to the copimon prefs, with a very 
mall portion of the power which t^t required. 

A Stanhope prefs is delineated in Plate I. Printings 
Jigt, I and 2 being elevations, and Jig. 3 a plan. A A 
is a mallive frame of call iron, formed in one piece : this 
is the body of the prefs, in the upper part of which a nut 
is fixed for the reception of the ferew and its point ope- 
rates upon the upper end of a Aider </, which is fitted into 
a dovetail groove formed between two vertical bars, r, r, of 
the frame. The Aider has the platen, D D, firmly attached 
to the lower end of it ; and being accurately fitted between 
the guides r, e, the platen muft rile and fall parallel to itfelf 
when the ferew, is turned. The weight of the platon and 
Aider are counterbalanced by a heavy weight, E, behind the 
prefs, which is fufpended from a lever F, and this ads 
upon the Aider to lift it up, and keep it always bearing 
againft the point of the ferew. At G are two projeding 
pieces, caft ^1 in one with the main frame, to fupport the 
carriage when the pull is made ; to thefe the rails, H, are 
ferewed, and placed truly horizontal for the carriage, I, to 
run upon thein, when it it carried under the prefs to re- 



PRINTING 

ceivc the impreflion, or drawn out to remove the printed 
(heet. The carriage is moved by the rounce or handle K, 
with a fpit and leather girts, very fimilar to the wooden 

? ref8. Upon the fpit, or axle of the handle K, a wheel, 
j, is fixed, and round this jeather belts are pafled, one 
extending to the back of the carriage to draw it in, and 
two others, which pafs round the wheel in an oppofite du 
region, to draw it out. By this means, when the handle is 
turned one way it draws out the carriage, and by revtrfing 
the motion it is carried in. There is llkewife a check llrap, 
jf, from the wheel down to the wooden bafe, M, of the frame, 
and this limits the motion of the wheel, and confcquently 
the excurfion of the carriage. The principal improvement 
of earl Stanhope's prefs confiils in the manner of giving 
motion to the ferew, of ity which is not done fiinply hy a 
bar or lever attached to the ferew,^ but by a fecond lever ; 

the ferew, iy has a fhort lever, gy fixed upon the upper 
end of it, and this communicates by an iron bar, or link, 
J^y to another lever, i, of rather fhorter radius, wliich is 
fixed upon the upper end of a fecond fpindle, /, and to this 
the bar or handle, is fixed. Now when the workman 
pulls this handle, he turns round the fpindle /, and by the 
connedlion of the rod, /f, the ferew, turns with it, and 
caufes the platen to defeend and produce the prcffiire. 
But it is not fimply this alone, for the power of the lever, 
i, is trail fmitted to the ferew in a ratio proportioned to the 
effeft required at the different parts of the pull ; thus at 
firft, when the preffman takes the bar, i, it lies in a di- 
re6lion parallel to the frame, or acrofs the prefs, and the 
fhort lever, i, (being nearly perpendicular thereto, ) is al fo 
nearly at right angles to the connc6ling rod /j; but tlie lever, 
gy of the ferew makes a confiderable angle with the rod, 
which therefore afts upon a fliorter radius to turn the ferew ; 
beCaufe the real power exerted by any iidlion iqion a lever, 
is not to be confidcred as ading with the full length of the 
lever between its centres, but with the dlilancc in a perpen- 
dicular drawn from the Ime in which the adion is applied 
to the centre of the lever. Therefore, when the preflman 
firfl takes the handle, i, the lever, i, ads with its fuu length 
upon a Ihorter length of leverage, g, on the ferew, which 
will confcquently be turned more rapidly than if the bar 
itfelf was attached to it ; but on continuing the pull, the 
fituation of the levers change, that of the krew, g, conti- 
nually increafing in its ading length, becaufe it comes 
nearer to a perpendicular with the conneding rod, and at 
the fame time the lever, #, diminifhes its ading length, he- 
caufe, by the obliquity of the lever, the rod, approaches 
the centre, and the perpendicular diftance diminifhes ; the 
bar or handle alfo comes to a more favourable poiition for 
the man to pull, becaufe he draws nearly at right angles 
to its h'ligth. All thefe caufes combined have the befl efted 
in producing an iminenfe prefl'ure, without lofs of time ; 
becaufe, in the firll iuliance, the lever ads with an increafed 
motion upon the ferew, and brings the platen down very 
quickly upon the paper, but by that time the levers have 
nffumed fuch a pofition as to exert a more pow^erful adioii 
upon eacli other, and this adion continues to increafe as 
the bar is drawn forwards, until the lever, i, and the con- 
neding rod arc brought nearly into a ftraight line, and 
then tne power is immenfely great, and capable of pro- 
ducing any requifite preflure which the parts of the prefs 
will ^ftain without yi^^lding. The liandle is fometimes 
made to come to rell agaiiifl a flop, vyhich prevents it 
moving further, and therefore regulates the degree of prpf* 
fure given upon the work : but to give the means of in- 
creaiing or diipmifhing this preffure tor different kinds of 
work, the Hop is made moveable to a fmall extent. 
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A better plan is adopted by fome makers of the Stanhope 
prefs, viz. to have a ferew adjuftment at the end of the 
conneding rod A, hy which it can be fhortened ; it is done 
by fitting the centre pin which unites it to the lever, g, in a 
bearing piece, which Aides in a groove formed in the rod, 
and IS regulated by the ferew. This Ihortcniiig of the con- 
neding rod produces a greater or lefs defeent of the platen, 
W'lien the handle is hrouglit to the flop. 

The carriage of the prefs in /Vu/r I. is reprefented with 
wheels, 77/, m, beneath, to take off the fridtion of moving 
upon the ribs, H. Thefe wheels are Ihcwn 4, wliich 

is a fedion of the ferew and the platen, with the carriage 
bcueat,li it ; and 5 is a plan anfwcring to it. J^tg. 616 
a figure of the carriage, inverted, to Ihew the wheels ; their 
axles, n, are fitted to fprings, and ihefe are adjuftable by 
means of ferews, r, fo tliat the carriage v\ ill be borne up to 
any required height. This is fo regulated, that when the 
carriage is run into tlie prefs, its lower furface fliall bear 
lightly upon the folid checks, G, which are part of the 
body of the prefs, and thefe fupport it when the preffure is 
applied, the fame as the whnter of the old prefs : but the 
wheels by their fprings ad to hear up great part of the 
weight of the carriage with the types upon it, and dirninifli 
the fridion, yet do not deflroy the contad of the carriage 
upon the ribs, becaufe this would not give the carriage that 
folidity of bearing which is requifite for refilliHg the pull. 
This is only at the time when the carriage is run into the 
prefs, becaufe as it runs out, the ribs on which the wheels 
run rife higher, and therefore the wheels fupport the whole 
weight. The manner in which the wheels run in rebates or 
receffes in the edges of the ribs, is fhewn at^g. 2. The 
carriage is made of caff iron, in the form of a box, with fe- 
vcral crofs partitions, which arc all caff in one piece, and 
though made of thin metal, arc exceedingly ftrong : the 
upper furface is made truly flat, hy turning it in a lathe. 
The fame of the platen, which is hkewife a fhallow box : 
the Aider, J, has a plate formed on the lower end of it, 
which is fixed by four ferews upon the top of the platen, 
and thus they are united. At the four angles of the car- 
riage, pieces of iron, r, (j 9 g. 5.) are ferewed on, to form 
bearings for the quoins or wedges which are driven in to 
fallen the form of types upon it in the true pofition for 
printing. The tympan, P, (yig. i.) is attached to the car- 
riage by hinges, with an iron bracket or flop to catch it when 
it is thrown back : the frifket, R, is joined to the tympan, 
and w'hcn opened out, relts againil a frame fufpended from 
the ceiling. The regift cr points arc the fame as before de- 
feribed in the wooden prefs, and all the operations of work- 
ing are exaftly the fame. The iron frame, A, of the prefs 
isicrewed down upon the wooden bafe, M, by bolts, wliich 
pafs through feet, j, projedling from the lower part of the 
iron frame. Another wooden beam is fixed into the former 
at right angles, fo as to form a crofa, -wliich lies upon the 
floor. The ribs, H, for the carriage to run upon are fup- 
ported from the wooden bafe hy an iron bracket, T. 

The advantages of the iron preffes in working are very 
confiderable, both in faviiig labour and time. The firft arifei 
from the beautiful contrivance of the levers, the power of the 
prefs being almoft incalculable at the moment of producing 
iheimpreflion ; and this is not attended with a correfpondent 
lofa of t^me, as is the cafe in all other mechanical powers, 
becaufe the power is only exerted at the moment of preflure, 
being before that adapted to bring down the platen at 
quickly as poflible. This great power of the prefs admits 
of a faving of time, by printing the whole fheet of paper 
at one puff, the platen being made fufficieiitly large for that 
purpofe ; whereas, in the old prefs, the platen is only half 
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the fize of the (heet. In the Stanhope prefs, the whole 
furface is printed at once, with far lefs power upon the han- 
dle than the old prefs, when printing but lialf the furface. 
This arifes not only from the levers, but from the iron framing 
of the prefs, which will not admit of any yielding, as the 
wood always docs, and indeed is intended to do, the head 
being often packed up with elaflic fubftanccs, fuch as pafte- 
board, or even cork. In this cafe much power is loft, for 
in an elaftic prefs the preffure is gained by ferewing or ftrain- 
iiig the parts up to a certain degree of tenfioH, and the 
cfkin to return produces the preifure : now in this cafe, the 
haadle will make a coiifiderable effort to return, which, 
though it is in reality giving back to the //orkman a por- 
tion of the power he exerted on the prefs, is only an ad- 
ditional labour, as it obliges him to bear the ftrain a longer 
time than he otherwile would. The iron has very little 
clafticity, and thofe who ufe them find it advantageous to 
dimmifh the thicknefs of the blankets in the tympan to one 
very thin piece of fine cloth ; the lever has then very little 
tendency to return, and the pull is eafy in the extreme, re- 
quiring very little more force to move it at the latter, than 
at the firft part : indeed it is fo different from the other prefs, 
that when an experienced prefl’man firft tries it, he cannot feel 
any of that re-ad ion which he has been acciiftomed to, and 
will not believe, till he fees the fheet, that he has produced 
any imprcflion at all ; and for many days after he begins to 
work at an iron prefs, he by habit throws back all the 
weight of his body in fuch a manner, as to bring the handle 
up to its flop witli a conciilfion that fliakes his arm very 
much ; and in confequence moft prellmen, after a few hours’ 
work, feel inclined to give up the iron prefs j but when 
they have once got into a new habit of Handing more up- 
right, and applying only as much force as it requires, the 
labour of the pull becomes Icfs than that of running the 
carriage in and out ; and men who are accuftomed to the 
iron preffes only, would be fcarcely able to go through the 
work of the old prefs. 

The Stanhope preffes have come very much into ufe, and 
many people are engaged in making them. The firft of thefe 
are Meffrs. Walker, of Oxford-ftreet, who have the ad- 
vantage ot being aflifted by the inventor, earl Stanhope ; 
they have a very good machine for turning the fiirfaces of 
the platen and carriage, fo as to produce very accurate 
planes ; wliich is a great advantage, as it permits a much 
thinner blanket than could otherwife be ufed. 

Mr. De Heine has a patent for a Stanhope prefs, which 
anfwera extremely well : the only material alteration is, that 
he ha^ fubliituted a fpiral, or curved inclined plane, in place 
of the ferew, which is fixed to the head of the prefs ; and a 
crefs arm properly formed, and fixed on the upper end 
of the fpindlc, which ftands in place of the ferew, a6Is 
againft the fixed inclined plane. The adion is very nearly 
the fame as the ferew, except that the furfaccs admit of 
being made of hardened fteel, and thus diminifh the fridion 
very much. The inventor of this for the common prefs was, 
at we have before mentioned, Mr. Ro worth, but Mr. De 
Heine has combined it with the levers and iron frame of 
the Stanhope prefs. This Cyclopsedia is printed by Stan- 
hope preffes. 

Mr. Peter Kier, of Camden Town, has made feveral Stan- 
hope preil'es of a very good conftrudion, the ftrength of 
all the parts being very ^well proportioned, fo that his preffes 
are not more liable to break at one part than another. The 
ftider, </, he has made in a very convenient manner, by boring 
out a cylindrical hole down the centre of the prefs with a 
boring machine, and into this a cylinder is accurately fitted, 
the platen being fixed on the lower end of it. To prevent 
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it from turning round, a flat fide is made to the cylinder, 
and a bar of iron is ferewed acrofs the two cheeks e, be- 
tween which the hole is bored, and bears againft the fiat 
fide of the cylinder. Another improvement is in the fpindle 
/, to which the handle is affixed : this has a ferew cut upon 
the lower end of it, which is fitted into a nut, and thus, 
when it is turned round, the fpindle rifes and falls a quan- 
tity equal to the defeent of the ferew, in the fame period. 
By this means, the connefting rod, A, always draws in an 
horizontal direAion, whereas, in the other preffes, one end 
remains at the fame level, whilfl the other dclceiids, in confe- 
qiicnce of which the joints wear irregularly. On the whole, 
Mr. Kicr’s improvements, tliough they do not conftitute a 
feature of the invention, contribute much to the accurate 
performance and durability of the machine. 

The form he has adopted for the frame, A A, is very 
judicious ; that in our plate is unneceffarily ftrong, having 
been made at an early j)rriod of the invention, when, from 
being unacquainted with the full power of the levers, many 
of the preffes were broken by the ftrain, and fome makers 
then determined to put in fuch a mafs of metal, as to relifl 
the utmoft eftorts of a man at the handle ; but being now 
better underftood, they are made much lighter than in the 
one in our plate, and fulficiently ftrong. 

Several Stanliope preffes, that is, preffes having levers to 
work tlie ferew, have been made in wood by Mr. Brooke, 
or altered from the old woodtMi preffes j but though this is 
an improvement upon them, it is greatly inferior to the 
iron frame, which, for the rcafons we have given, has a ftiare 
in the faving of power. 

Mr. Medhurll, of Dcnmark-ftrect, Soho, has produced a 
printing prefs of great merit, from its fimplicity, and it has 
the fame advantage, in point of power, as lord Stanhope 
gains by the compound levers. It is a common prefs in all 
its parts, but the platen is made the full fize of the fheet, and 
inllcad of a ferew, a plain fpindle is empJoyed : on the lower 
part of it, juft above the bar, a circular plate is fixed, and 
affords Heps for the points of two iron rods, which extend 
up to the hea(^ and arc there fupported by their points en- 
tering fockets. When the platen is up, thefe rods ftand in 
an inclined pofition, although both the ends of them are at 
the fame diftance from the centre of the fpindle ; but when 
the fpindlc is turned by the bar, the circular plate, in which 
the lower points of the iron rods reft, turns round in a circle, 
and the upper ends remaining ftationary, they of* coarfe come 
towards a vertical pofition, in which motion the fpindle and 
platen are forced to delcend, in the fame manner as though a 
ferew was employed ; but this motion has every advantage 
of the Stanhope levers, or Mr. Roworth’s prefs, without 
the fridion of either, for the power increafes as the refift- 
ance increafes, and when the rods come nearly parallel to the 
fpindle, or into a vertical pofition, the power is immenfely great. 
We tliink a prefs of this kind, if made of iron, and with the 
other advantages of lord Stanhope’s, would be much fimpler, 
and rather better, becaufe the fridion and wear are incon- 
fiderablc, if the points of the rods and their fockets are 
hardened. 

We have been fhewn a model of a new kind of prefs in- 
vented by Mr. Ruthven of Edinburgh ; it differs from others 
in the following circumlUnccs. The form of types, inltead of 
being fituated on a running carriage, is placed upon a 
ftationary platform or tablet, which is provided with the 
ufual apparatus of tympan and fri/ket, with points, &c. to 
receive the fticet of paper, and convey it to its proper fitua- 
tion on the face of the types, after they have been inked. 
The machinery by which the power for the preffure is pro- 
duced, is fituated immediately beneath this tablet, and the 
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platen or furface which is oppofed to tlie face of the types 
to prefs the Ihcet of paper againft them, can be brought 
over the types, and connected at two oppofite fides or ends 
with the machinery beneath the table. By this machinery it is 
fo forcibly prefled or drawn down upon the paper which hys 
over the types, as to give the impreflion, which being thus 
made, the platen can be difengaged from the machinery, 
and removed from off the types by a motion of the foot, to 
take out the paper and introduce a frefti iheet. 

The machinery for producing the preflure is a com- 
bination of levers, actuated by a crank, or fliort lever, turned 
by a winch or handle, to which the preflman applies his 
left hand, juft as he does in the prefent to the rounce or 
handle of the fpit, the handle being placed in the fame 
fitiiation for that purpofe. The levers beneath the table arc 
well contrived to have the beft cfFe<ft in faving time, and 
producing an immenfe prelliirc ; for when the preflman firfl 
takes the handle, it ails with but little advantage as to 
powder upon the levers, and therefore brings the platen 
down very quickly upon the tympan. The levers have then 
affiimed pofltions, in which they exert a more powerful action 
upon each other ; and this adion continues to increafe until 
one of the levers and its conneding rod come nearly into 
a line, when the power is immenfely great, and capable of 
producing any requilite preflure. For fattening the types 
upon the table, or what the printers call the making regitter, 
inftead of quoins or wedges bein^ introduced at the angles in 
the ufual manner, ferews are htted through pieces which 
ai*e fixed to the fides of the table ; and between the points 
of thefe ferews the form of types is held fteady upon the 
table, and may be adjufted. 

We have not had an opportunity of trying a large prefs of 
this kind, but think it promiics fo much in faving of power 
and time, as to deferve a trial by printers. It avoids the 
moving of the heavy carriages with the form ; for the platen 
need be but a fmall portion of the weight of the loaded 
carriage ; and further, it is adapted to be moved from off 
the types fideways, and therefore has a lefs diftance to move 
than the carriage in the , ordinary prefs. The machinery is 
well contrived in all its parts, both for performance and 
ftability, and is adapted to be made of iron, that it may have 
no yielding parts. It is far cheaper than the Stanhope 
prefs, 

A PRiNTiNG*^e///r is a place deftined for printing, and 
fitted up for that purpofe with preffes, cafes, and other 
furniture. 

The moft confiderable print ing-lioiifes in the world are 
thafe of the Louvre and Vatican. The firil, begun under 
Francis I., was carried to its uimoft perfe<ftion under 
l.cwis Xlll., by the care of cardinal Richelieu ; and re- 
moved into the galleries of the Louvre by Lewis XIV. 

The Vatican printing-houfe, called alfo the ApofioYteal 
printing-houfc, becaufe the pope's bulls, decrees, &c. are 
printed in it, was begun by Pius TV., and furniflicd with 
great magnificence by Sixtus V. See Vatican. 

Out of both thefc printing-houfes have come forth very 
beautiful and fplendid editions of the ancient authors. The 
Vatican was the firft that printed books in the Arabic 
language. 

Printing, Stereotype^ is a method of producing plates 
from moveable types, by forming a mould with them in 
platter of Paris, or any other fit fubftaiice, and in this mould 
catting a metallic plate, which will have the* fame furface 
as the types had, and will print the fame. Therefore, in 
this method the moveable types are not ufed to print from, 
(except for proofs to correct the errors of compofition,) 
but are employed as a model or pattern to caft the 
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ftereotype plate* by which the impreflion ii to be printed, 
r or the hiitory and further particuhu^s of this invention, 
lee STEREOTypE. 

Printing Machine, — The immenfe number of books and 
newfpapers which are printed in tliis country, has rendered 
It delirablc to have machines for printing, which would 
throw off copies more rapidly, and without requiring fuch 
exceflive labour as the printing prefs docs. For daily newf- 
p^ers in London expedition is the grand objed, as the 
whole impreflion (often as many as 6 or 8000 copies) mult 
be printed between the hours of midnight, and eight or 
nine o’clock in the morning ; and often, when there are im- 
portant debates in parliament, they are not able to begin 
printing fo foon as midnight. 

The firft attempts at printing machine'; were only to 
employ machinery for aduating a common prefs, and by 
the force of horfes, or fteam-engine, to perforin tlie part of 
the preffman. Wc have feen a model of fuch a machine, 
which printed very well, and with great rapidity, but was 
fo complicated, that on a large fcale it could not have been 
urged into motion fo quickly as the preflinan can work ; 
and in eftcfl, when put to trial, it was found to employ one 
horfe inftead of one man to work the prefo. In 1790, 
Mr. Nicholfon took out a patent for a machine to print by 
cylindrical rollers, the types being fo formed witli Items 
fmaller at one end than at the other, that, when compofed, 
they would form a cylindrical furface inflead of a plane. 
Between a roller covered with thefe types, and another 
plain roller, the paper was to be patted, and thus receive 
an impreflion : the ink was dittribiitcd by machinery. 
Mr, Nicholfon’s machine anfvvercd very well for printing 
patterns upon calico, paper-hangings, or any other papers, 
where the furface of a folid roller could be engraved to 
print from ; but the moveable types were not found prac* 
ticable, and therefore the machine was inapplicable to book- 
printing. 

A patent has recently been obtained by Meffrs. Bacon 
and Donkin, for a machine whicli they publicly exhibited 
before the univerfity of Cambridge, and they are now making 
one for printing biblcs and prayer-books at the univerfity, 
Wc have examined their machine at work, and found it to 
difplay fo much mechanical ingenuity, and to produce fuch 
beautiful fprcimeiis of printing, with a rapidity unequalled 
by any other means, that wc have made a drawing of it. (See 
Plate III. Printing, ) The invention conliits in adapting the 
types to be fixed upon, and form tlie furface of, a prifmatic 
roller, fuch as a fquan*, pentagon, hexagon, octagon, or 
other figure, and mounting this in a frame, with the means 
of turning it round upon its centres ; a fecond roller is ap- 
plied in fuch a manner, that its furface will keep in contadt 
with the furface of the types which are inked, and the 
machine being put in motion, the paper which is to be 
printed is palled through and receives the impreflion. The 
types are inked by a cylinder, which is applied to revolve 
with its furface in contact with them. By this invention, 
the advantages of types between rollers are obtained, 
although the types are impofed upon plain furfaccs. 

Plate 111 * of Printing, contains a perfpedive view of a 
machine, theprifm, A, of which is fquare in its fe6lion, and 
has the ordinary types or letter prefs applied upon its four 
fidcs, and firmly attached to it. The pivots at the end of 
the axis of this prifm arc fupported in the frame B B, and 
it is caufed to revolve, by a conncdlion of wheel work, D £ 
and F G, from the winch and fly-wheel at H. The types 
upon its furface are caufed to print upon the paper by 
means of a fecond roller, 1 /, called the platen, placed im- 
mediately beneath the former, and its furface being formed 
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ta a particular curvature, produced by four fegments of cy- 
linders, its circumference, when it turns round, will always 
apply to the furfacc of the types, and thus a fheet of paper 
being introduced between them will receive the impreflion. 
The ink is applied to the types by means of a cylinder, 
K K, placed above the prifm. It is coinpofed ot a foft 
claflic iubftance ; and that its furface may always apply to 
the types, its fpindle is fitted in pieces L, L, winch moving 
upon an axis, n, permit the cylinder to rife and fall, to 
accommodate itfeli to the motion of the types* The ink 
cylinder receives its ink from a fccond cylinder, M M, 
whicli is called the diftributing roller, alfo coropofed of a foft 
fubftarice, and is fupplied with ink by a third ink roller 
N N, which is made of metal, and extremely true. The ink 
is lodged in quantity againft this roller upon a fteel plate, 
O 0 , the edge of whi^, being placed at a very fmall dif- 
tance from the circumference, permits the roller, as it re- 
volves, to carry down a very thin film of ink upon its fur- 
face, and this being taken off by the diftributing roller, is 
applied to the furface of the inking cylinder, which, as 
before-mentioned, inks the types. 

The fticet of paper is introduced, as (hewn in the figure, 
by placing it upon a blanket, which is extended upon a 
feeding-board P P, and drawn into the machine at a proper 
time, by having a fmall ruler, 2, fixed to it. The ends of 
this a^e taken forward by two ftuds, 3 , attached to end- 
lefs chains, which are extended from the wheels, /, r, at the 
end of the platen, to other wheels, J, dy which are fup- 
ported in the frame of the feeding-board. The wheels, r, 
having teeth entering the links of the chains, caufe them 
to traverfe wdien the machine is turned round, and at the 
proper time the pins, draw the ruler, 2, and blanket for- 
ward, and introduce the paper into the machine, and by 
palling between the prifm and platen, it is printed as before- 
mentioned. This is the general a£fion of the machine, and 
we /hall proceed to detail the ftru6ture of the feveral parts. 
The type is compofed, and made up into pages, in the 
ufual manner ; the pages are then placed in frames or gallie% 
//, rt, and faftened by the ferews at the ends, the fhape and 
fi/e of the gallics being adapted to the fize of the page it it 
intended to print. Thcfe gallics are attached to the four 
fidcs of the central axis of the prifm by the fcrew-clampi i, 
the edges of the gallies being mitred together. By relieving 
the clamps the gallies can quickly be removed, and others put 
in their places. The platen, 1 1, is compofed of four leg- 
ments of cylinders, i t, which are attached to the different fides 
of the central axis, I, by means of ferews, and thefe feg- 
ments being proportioned to the prifm, will be the true figure 
for tlie platen to produce the required motion, fo that the 
furfacc, when it revolves, will, in all pofitions, prefer vc an ac- 
curate contafl with the furface of the types. The two 
wheels, D, E, which caufe the prifm and platen to accom- 
pany each other, are formed to correfpond with the two. 
Thus the upper wheel, D, is a fquare, with its angles 
rounded off, and the pitch or geometrical outline is exa&ly 
of the fame fize as the fquare formed by the furfaces of the 
types. The lower wheel, E, is of tlie fame (hape as the 
platen, and its pitch line the exadf fize of the furface 
thereof. Thefe wheels being cut into teeth, as the figure 
fhews, will turn each other round, and make their furtaces 
at the point of contad exadly correfpond in their mo- 
tions, fo as to have no Aiding or Hipping upon each other. 
To regulate tlie preft'ure upon the paper, the bearings in 
which the pivots of the platen are lupported, can be ele- 
vated by ferews, j, and its furface will prefs with more force 
upon the types ; but that this may not derange the z&ion 
of the wheels, D and E, uuiverfal joints are applied in their 


PRINTING 

axles at R. The inking c; K, is caufed to pre- 

fenre its proper diltance from the centre of the prifm ^ 
whi^els, S, nxed upon its axis, and refting upon Aiapes, T, 
fixed upon the axis of the prifm. Each of the Aiapes, like 
the wheel D, has four Aat fides, correfponding in iize with 
the furfaces of the types ; the angles are rounded to feg- 
ments of a cirlce from the centre : the wheels, S, are of the 
fame fize as the inking cylinder, therefore, as they reft upon 
the Aiapcs, T, they prevent the ink cylinder prefling upon 
the types with any more than a fufficient force to communi- 
cate the ink without blotting. The inking cylinder is turned 
round by a cog-wheel, V, upon the extremity of the axis of 
the prifm, which is of the fame Aiape as the wheel, D, and 
engages another wheel, W, upon the end of the fpindle of 
the inking cylinder ; the latter wheel like wife gives motion 
to the diftributing roller by a pinion, y*, and tliis again turns 
the ink roller by a third pinion, g, fixed upon the end of its 
axis, «, which is fupported upon bearings, B, B, in the frame. 
The pieces, L, L, which fupport the pivots of the diftribut- 
ing roller and inking cylinder, are fitted upon the axis, », of 
the inking cylinder, fo as to rife and fall upon its centre, 
and the diftanccs of the rollers being thus kept invariably the 
fame, their circumferences are kept accurately in conta^, to 
communicate the ink to each other. The fteel plate, O, 
which, as before-mentioned, regulates the quantity of ink 
that the roller, N, (hall take round with it, it fupported by a 
piece extended acrofs the fixed frame, B B. There arc pieces 
of metal fixed upon this plate by thumb nuts, which prevent 
the ink flowing off at the ends, and they enter into grooves 
formed round the ink roller, N, near its ends. The machine 
is put in motion by the handle with the fly-wheel H, and 
this has a fmall wheel, G, turning a large one, F, upon the 
end of the axis /. 

The frame fupporting the feeding-board, P, confifts of 
two rails, X, fitted upon the axis of the platen, and fup- 
ported at the oppofite ends by a brace from the framing ; 
they fuftain the pivots of the wheels, dy </, for the chains ; 
X are two rulers fixed at each fide of the feeding-board, and 
forming a lodgment for the ends of the ruler 2, which is 
attached to the blanket, and it Aides upon thefe when it is 
advanced by the chains. The fpaces on the platen between 
the fegments, i, j, are all filled up by pieces of wood, exc^t 
one, and in this fpace the ruler is received when it paffet 
through the machine. In the interval when the fpaces 
between the types are pafling over the Aieet, and therefore 
leave the margin between the pages of printing, the p^er 
is not held between the rollers ; but to prevent it from flip- 
ping during this interval, the blanket and paper are preffed 
down upon the pieces of wood which fill up in the platen 
between the fegments, #, i, by the weight of fmall rollers 
or wires, 4, lupported by cocks, 5, proje^ing from the 
axis of the prifm, and being fitted into the Aits at the 
end of thefe cocks. The wires are at liberty to rife and 
fall by their own weight ; thus, w^hen they are at the upper 
part of the revolution, they fall into the fpaces at the angle 
of the prifm, between the pages of the types, and thus 
cfcape the ink cylinder j but when they are at the lower 
part of their revolution, they fall upon the paper, and 
prefs it with fufficient force upon the pieces of wood in the 
platen to carry the paper forward at the interval when the 
types do not a6i upon it, and of courfe while the fpace 
between the pages ot the printing is paffing through. 

The operation of printing being very delicate, and re- 
quiring great accuracy, the machine is provided with many 
adiuftments to make it adl correftly, which are as follow : 
The fegments, 1, 1, upon the platen roller are attached to 
the central axis, I, by three ferews at each end ; the two 
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middle ones of thcfe (reprefented with fquare heads ) draw 
the fegments down upon the central axis, whilft the others 

f whicn are turned by a fcrew drirer) bear them off ; therc- 
bre, by means of thefe fcrews, the fegments can be accu- 
rately adj lifted, till they are found by experiment to apply 
corredtly to the types, and make an eaual impreliion on all 
parts of the fheet. To render the whole impreflion greater 
or Icfs, the fcrews, 3, beneath the bearings of the platen 
roller are turned as before-mentioned. The degree of 
prefiure with which the ink roller bears upon tlie types, is 
regulated by increafing or dimiiiifhing the fize of the fhapes, 
T, which fupport its weight. And to render thefe capable 
of adjuftment, each is compofed of four pieces, marked 6, 
attached by fcrews, 7, to a central piece, or wheel, which is 
fixed upon the axis ; and as the edges of thefe pieces form 
the outline of the fliape, they admit of being adjufted by 
other fcrews to a greater or lefs diftance from the centre, 
and of courfe may be made to bear up the ink cylinder, till 
the prelTure on the types is equal throughout the whole fur- 
face, and fufficient to fupply the ink properly. The ink 
cylinder is adjuftable as to its prelfure againft the diftributing 
roller, and for this purpofe the bearings, i, which fupport 
the cylinder, are fitted upon the pieces, L, to Aide, being 
capable of regulation by means of fcrews. In a fimilar 
manner the diftributing roller can be adjufted to a proper 
diftance from the inking cylinder. The plate, 0, can be 
adjufted for the diftance from the ink roller, N, by fcrews,^, 
faftened by thumb nuts : this regulates the degree of colour 
the impremon will have, by permitting the roller, N, to take 
more or lefs ink : behind the inking cylinder, K, a rubber, 
or feraper, is placed, to prefs very lightly againft the cy- 
lin^T, and to prevent the ink accamulating, in rings, round 
the cylinder ; it is fitted upon centres, and held up by a 
lever, which is fufpended by a catch, y, at the end of the 
piece L. This catch is withdrawn when the machine it not 
at work, and then the feraper falling down upon its centre, 
does not touch the cylinder. It is neceffarjr that the wheels 
D and E fhould be placed upon their axes, in fuch a pofition 
that their curvature will correfpond with the curvature^ of 
the prifm and platen. For this purpofe the univerfal joint, 
R, is fitted upon the axis, /, of the wheel, with a round 
part, that it may turn on it. A piece of metal, r, is fixed 
fall upon the fpindle, /, and has a hole in it for the re- 
ception of a tooth, s, which is ferewed fall upon the uni- 
verfal joint ; then two fcrews being tapped through the 
fidcs of the piece, r, prefs upon the end of x, and by forcing 
it either way, will adjuft the wheel with refpea to the 
platen, till they exadly correfpond : another fimilar adjuft- 
ment may be applied to the upper axis. 

The manner of forming the inking and diftributing rollers 
with an elaftic fubftaace, is worthy of particular notice. 
Leather ftuffed in the manner of a culhion was firft ufed, 
but did not fucceed, becaufe it became indented with the 
types ; but after many trials, a coinpofition of glue, mixed 
with treacle, was found to anlwer perfeftly. Tlic roller 
is made of a copper tube, covered with canvas, and placed 
in a mould, which is a cylindrical metal tube, accurately 
bored, and oiled withinfidc ; the melted compofition is tlien 
poured into the fpace of the mould, and when^ cold, 
the whole is drawn out of it, with the glue adh(*ring to 
the copper tube, and forming an accurate cylinder without 
any farther trouble. The compofition will not harden ma- 
terially by the expofure to air, nor does it diffolve by the 
oil contained in the ink. This machine is well adapted to 
print from ftereotype plates, which the univerfitics have 
adopted for their bibles and prayer-books. 

We underftand that a printing machine will very loon be 
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produced by Mr. Benfley, which is the invention of a fo- 
reigner, who has taken {everal patents for it, but we have 
not yet had an opportunity of feeing one. 

PrMng Machine for numbering Bank Notes, — This ma- 
chine is ingenious and curious, from the circumftance, that 
after every impreflion which is produced by it, the types 
are changed by mcchanifm, fo as to produce a different rm- 
preflion the next time. The Bank of England have, within 
thefe few years paft, adopted this method of filling up the 
blank fpaces which are left in their notes after they have been 
printed from a copper plate by the rollmg-prefs. Thefe 
blanks, which are for the number and date of the note, 
were formerly filled up in writing ; for each note being dif- 
ferent in thefe particulars did not admit of being printed, 
until the prefent machine was invented by Mr. Jufeph Bm- 
mah. The note which is engraved on the copper plate, and 
printed, is as follows. 


IBank of (EngUnD, 1B14. 

I Promife to pay to Mr. Henry Httfe or Bearer 
on Demand the Sum of Pounds 


Cen 


For the Go’i/ . and Comp'', 
of the Bank of England, 


Upon thefe notes the machine is required to print the num- 
ber twice repeated, which is firll to be printed, in large cha- 
radlcrs, upon the word I Promife^ in the firll line, and again 
upon the words or Bearer^ at the end of the fame ; as, for 
inftance. 


N° 13462 

March II. London li March 1814. 


London and the date arc printed in the blank line which is left 
after the words, fum of <21 en Pounds, 

The copper plates on whicii the above is engraven are 
double, that is, each prints two notes upon oik' long piece of 
paper, which being put into the machine, has th-: blanks 
printed in the eafieil manner imaginable. In the opera- 
tion of taking out the paper to put in another note, the 
machine changes the types to the fucceecling number ; for 
inftance, if one of the notes is printed 10 10, and 

the other upon the fame paper, 100 100, when the 

paper is taken out, the types change, without any attention 
of the operator, to NM 1 N il, and 101 N"’ loi, and 
when thefe are printed, tliey change again to the fucceedmg 
numbers. The types for the date are call in llereotype, and 
aie of courfc changed every day, each machine being fur- 
nifhed with one for every day in the year. 

The advantages of this method have been found conU- 
derable, in avoiding miftakes of numbering notes erroncoufly, 
to which they were before very liable, and in the difpatch of 
buliuefs, its advantages are very great. To fill up ^cx> 
notes, with the number and date twice repeated, wasconfi- 
dered a fufficient day’s labour for each clerk ; but by the 
machines, one man can print 1300 double m.tes, which are 
equal to 2600 fingW one-s, or perform more than (ix times the 
bufinefs which could formerly be done in the fame Ume. The 
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Bank of England have more than forty of thefe machines, 
one of which we have obtained drawings from ; but to di- 
minifh it to the fize of a plate, our draughtfman has repre- 
lented it as if cut in half, or made as a fingle machine, 
to print only one note at a time ; thofe in ufc at the 
Bank are therefore to be confidered as double the length, 
and containing a repetition of the types and the machinery 
for moving them* In Plate II. Printings fg- a fac- 
tion, and Jig. 2. a plan, and the fame letters refer to both. 
The whole is framed upon a thick board of mahogany, 
which is fattened down upon a table : the frame, which is 
of iron, is ferewed to the board at L, and forms a fquare 
box, in which the mechaiiifm is contained. K K is a brafs 
lid, or cover, to the box, through holes in which the types, 
for printing the numbers, are placed, and their furfaccs 
projedl a little above the furface of the cover, K, fo as to 
produce an impreflion when the note is prefled down upon 
them by the power of the hand applied to the lever D. 
This lever moves upon an axis A, \Jig. which extends 
acrofs the box, having pivots fitted into fockets, B, {Jig. 2.) 
projecting up from the frame, as is evident in the figure. 
From this axis a piece of metal, C, extends, and has ferews, 

I and m i«, in it, by wliich the tablet, or platen, E, is 
attached to it ; and thefe ferews admit of adjiilling tlie 
tablet, E, with refpedt to the axis, that its under furface 
may fall perfectly flat upon tlie types, and print with equal 
preflure upon all parts of the note. For this purpofe four 
of the ferews, m, pafs tliroiigh holes in the piece C, and 
ferew into the tablet, fo as to draw the two together ; 
whilft the other two ferews, /, /, ferew into the piece C, and 
their points bear upon the upper furface of the tablet, E ; 
it is therefore by the latter that the prelfure is traiifmittcd, 
the others being only for adjuftment ; the lever D D is 
fattened upon C by three ferews, marked «, o, o. The 
note is placed upon the under furface of the tablet, E, 
when it is to be printed, its fituation being determined by 
two fine pins fixed in the tablet, which arc made to penetrate 
the paper at two fra all dots printed upon it by the copper- 
plate which printed the words of the note, as before-men- 
tioned ; and it is confined in its pofition againft the tablet 
by the frifkel, which is a piece of vellum, H, ttretched in 
a brafs frame, and is conneded by hinges, ay to the 
tablet E ; it thus folds down, cnclofing the note between 
the tablet and frifket as it were in a book. The vellum of 
the frifket has openings cut through it at the places where 
the machine is to print upon the note. As it is necefl'ary 
that the paper fliould be prefled upon the types by a yielding 
fubftance, the tablet, E, has two folds of cloth placed 
againft its furface, and thefe are fecured by a piece of 
parchment, ftretebed over a brafs frame, which is attached 
to the tablet by four ferews. The note therefore is placed 
againft this parchment when it is to be printed ; and not 
againft the brafs of the tablet. Each circle, as fhewn in 
jig. 6, has its circumference divided into 1 1 cogs, and in 
every cog a fpace is cut to receive one of the types which 
are arranged round the cogs, in a feries of i, 2, 3, 4, 5, 6, 7, 
8 , 9, o, and a blank ; ana as the circles are placed clofc to- 
gether, and turn round independent of each other, any 
combination of figures may be made by them which is lefs 
than N® 99»999} beyond which number the bank-notes have 
not extended. Each of the circles has a tendency given 
it to affume the pofition in which the types are proper for 
tinting ; that is, with their upper furface parallel to the 
rafs plate K, by means of a fmall pin fitted into a hole in 
the axis F, and having a conftant preffurc outwards by a 
fmall fpiral fpring placed in the bole beneath it. This pin 
comes to reft 10 an angular notch made witliinfide the 
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circle, oppofite each type, as fhewn by the dark fhaded 
parts in 6, and each circle is provided with one of thefe 
pins. The end of the pin is formed fpherical, and well 
polifhed, fo that when the circle is turned round, it is 
forced into its hole in the axis F ; but when another notch in 
the circle prefents itfelf, the pin prefl’es out into it, and 
retains the circle with a moderate force in its proper pofition, 
but will not allow it to reft, except when the pin is in the 
notch. The word London and the dates are caft in ftereo- 
type, and are faftened down upon the furface of the cover, 
K, of the box, juft beneath the letter E, in fig. 1. The 
dates are changed every day ; the catch, by which they are 
faftened on the plate, being very readily withdrawn ; but 
when thrown up, holds them fiifficicntly fall. The types 
for printing the numbers are moveable, and herein the in- 
vention confilts ; they are fixed iu the circumferences of 
wheels, or circles, dy dy (fhewn alfo at e, r, in Jig. 3, where 
the types are plainly pointed out by the numerals upon 
them) ; thefe circles arc ten in number, and arc divided into 
two cluttcrf, one at each end of tlie fpindlc, or axis, F, 
upon which tliey all revolve freely. This axis, when in tlie 
machine, as at F, ( Jig. i.) extends acrofs the frame from fide 
to fide, and the types fixed in the circles project above 
the furface of the cover, K, palfing up through holes 
made in the fame, as is evident from the figure. By tliis 
means the types always arrange themfclves into a ftraight 
line, and alfo with their furfaccs parallel to the fur^ce 
K K, without which they would not print equally upon 
the paper. From this defeription, our readers will per- 
ceive that the machine has the power of printing any 
numbers, or feries of numbers, containing lefs than five 
figures, by turning the circles round one tooth every time 
after an impreflion has been taken, fo as to bring a fuc- 
ceeding type into a6lion. But the machine is rendered 
very complete, by the addition of the following mechanifm, 
to give motion to the circles. A catch or click, by is 
fixed upon the axis, A, of the platen, and a£ls in the teeth 
of a wheel, H, fixed upon an axis, G, (fee alfo Jig. 4.) 
which is extended acrofs the machine, and the teeth of 
other fimilar wheels, H and K, {Jig. 4.) enter into the 
fpaces between the types in the circles dy dy as feen in^y^. i, 
and tlms, when the axis, G, is turned round, it communicates 
a correfpomling motion to fomc of the circles. The click, 
by is fixed on the axis. A, in fucli a pofition, that it does not 
operate upon the teeth of H, except when the handlt*, D, 
is lifted up, or rather thrown back, as far as it will go, 
which is regulated by pieces ferevved upon the axis coming 
in contad with the Hops fixed upon the plate K ; and in 
doing this, the catch, by moves the wheel, H, round one 
tooth, and confequently the wheel dy fo as to bring up 
another type. 

The operator, in ufing the machine, firft inks the types 
with a fmall printer's ball, opens the fri fleet fheet, H, upon 
its hinges, ay and places the note againft the tablet, the 
proper place being determined by the dots and pins before- 
mentioned. He now ftiuts up the frifleet, and enclofes the 
note between it and the tablet, tlie fri/ket flicet having 
holes cut through it at the places where the note is to be 
printed. The handle, D, is now brought down to give the 
impreflion ; but in this, it fhould be obierved, that though 
the catch, by again meets the tooth of the wliecl H, it has 
no effed upon it, being fitted upon a joint, lo as to give 
way in this diredion, and it pafles by without moving the 
wheel. The preffure for printing is given in an inllant, 
and the handle, D, being then Idtcd up to remove the note, 
and place a fretti paper upon the tablet, the catch, by moves 
the wheel, one tooth $ and as thefe engage the teeth of 
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the circles, i/, they arc turned Ukewife to change the types 
ready for printing the fucceeding numbers. 

We have now to explain the order in which the change 
of the numbers is condufted. The wheels, H and K, 
(^. 4.) are only intended to operate upon one of the live 
cu-cles at the f^e time ; but by Aiding the axis, G, end- 
ways in its be^ings, they can be made to ad upon any one 
of the five which is required ; and in all^ cafes the diltance 
between the two wheels, H and K, is filch, that they will 
operate upon the fame circle of the affemblage, at either 
end at the fame time. The axis, G, can be retained in any 
required pofition by a femi-circular clip, which enters into 
grooves, e, 4O formed round the axis, and there are 
five of thefe, correfponding with the different pofitions of 
the axis proper for the wheels to aft with the feveral circles. 
The Aiifting of the axis is performed by the knobs at the 
ends of the fpindle, G, which come through the fidea of the 
box, the femi-circular clip which retains it being firfl 
lifted up, by turning a knob, which operates upon it. 
When the printing firft begins, the circles, are turned 
round by mtanc of a wooden Acewer, fo that all the blank 
types arc brought up at the fame time. The axis, G, is 
next fet, fo that its wheels, H and K, are engaged with 
the right-hand circle of each of the affcmblages of five at 
each end. In this fituation, if the handle, D, is moved 
down, in raifing it up again, the catch, h, moves the wheels 
round, and brings up N® l N® i of the types, and a note 
being printed with this, in lifting up the handle N® 2 is 
brought up. Another note is now printed, then 3, 
and lo on, till N® 9 is printed, and o brought up ; after 
which, the handle is brought down twice without printing 
amy note. This brings up the blank fpace and N® i. The 
axis is now Aiifted by its knob Q, (Jig^ i.) to aft upon 
the fecond circle from the right-hand, and one motion of 
the handle being made, brings up o of the fecond circle, 
making 01 ®N, which, when printed, (types being always 
in reverfe,) will be N® 10. The firfl circle to the right- 
hand, which before was units, is now become tens, and the 
fecond units, which therefore Aiifts, at every impreilion, to 
n, 12, &c. up to 19 ; and after printing this tne o comes 
up, making 10. The firfl right-hand circle is then puAicd 
forwards by the printer by a fmall wooden fkewer, and 
2 brought up, making 20. In this manner it proceeds, 
changing the firfl circle by hand at every ten, the 
machine altering itfelf at every unit, till 99 arc printed. 
When ICO is to be printed, the axis, G, is Aiifted to the third 
circle, which becomes units, the fecond, tens, and the firft, 
hundreds. The printing then proceeds as before, the units 
being advanced by the machine, but the tens and hundreds, 
as often as they require it, are advanced by hand. At 
1000 the axis is fhifted to the fourth circle, and the deno- 
mination of each is changed by this becoming the unit : three 
circles muft now be moved by hand, as often as they require 
it. On arriving at 10,000, the fifth circle muft be made 
unit, by fhifting the axis to it, and the four firfl are moved, 
when neceffary, by hand, and in this manner the machine 
will print up to 99>999» which is 100,000, wanting i. 

PiiLVTlNG, Chineje, There are tlmee opinions as to the 
antiquity of the Chinefe printing : one fixing it three hun- 
dred years before Chrifl ; another nine hundred years after 
him ; and a third carrying it Hill farther back, and making 
it coeval with that mighty empire ; though, it muft be al- 
lowed, the laft is much the leaft probable of the three. 

The manner of printing we have already hinted to be very 
different from that which now obtains among the Europeans. 
It is true, it has fome advantage over our’s in correftnefs, 
and the beauty of the charaftcr ; but, in other refpefts, it 


com^ far ftiort, the fingle advantage of moveable charafterv 
making more than amends for all that is urged againft us by 
fome zealous advocates for this oriental printing. 

Books are printed in China from wooden planks, or 
blocks, cut like thofc iifcd in printing of calico, paper, 
cards, &c. among us. 

Thefe blocks are made of a fmooth, firm, dofe wood, 
and of the fize of the leaf required. On the face-fide they 
glue a paper, upon which fome able penman draws out the 
feveral letters and charafters with a Chinefe pen, which is a 
kind of pencil. This is the principal part 01 the work, and 
that on which the fuccefs of the reft depends. 

When finiAicd, the block is put into the hands of a 
fculptor, or cutter in wood.; who, following the feveral 
ftrokes of the writer with his gravers, and other Aiarp little 
inttruments, makes them all appear in relievo on the wood. 
When the carving or cutting is finiflied, they moillen what 
remains of the paper, and rub it gently off. 

The ink they ufe in printing is the fame with the common 
Chinefe ink, with which they alfo write, and is made of 
lat^>black, mixed up with other ingredients. 

Their prefs refembles our rolling-prcfs much more than 
the letter-prefs. 

As to their paper it is inferior to our’s : it is made of the 
inner bark or rind of a kind of rufhes, beat up with water 
into a pulp or pafte, and formed in moulds, much like our’s. 
See Papkr. 

The advantages of the Chinelc printing confift in this, 
that they are not obliged to take off the whole edition at 
once, but print their books as they need them ; that the 
blocks arc eafily retouched, and made to ferve afrefli, and 
that there needs no correftor of the prefs. 

Its difadvanlages are, that a large room will fcarcely hold 
all the blocks of a moderate volume ; that the colour of the 
ink eafily fades ; and that the paper is apt to tear, and is 
fubjeft to worms : whence it is, that fo few ancient books 
are feen in China, 

PiiiXTiNG, Rolling’? refs y is employed in taking off prints 
or impreflioiis from copper-plates engraven or etched. 

It differs, as we have before obferved, from letter-printing, 
in that the marks and charafters, whofe imprefiions are to 
be taken, in the former cafe arc indented, or cut inwards ; 
and in the latter arc in relievo, or ftand out. 

This art is faid tp be as ancient as the year 1460, and to 
owe its origin to Finiguerra, a Florentine goldfmith ; who, 
calling a piece of engraven plate in melted brimftone, found 
the exaft print of the engraving left in the cold brimftone, 
marked with black licked out of the ftrokes by the liquid 
fuiphur. 

Upon this, hr attempted to do the fame on filvcr plates 
with wet paper, by rolling it fmoothly with a roller ; and 
this fucceeded. 

This novelty tempted Baccio Baldini, a goldfmith of the 
fame city, to attempt the fame ; which he did with fuccefs, 
engraving feveral plates of Sandro Boticello's defign, 5 nd 
printing them off in this new way ; in which he was followed 
by Andrew Mantegna, then at Rome. 

This knowledge getting into Flanders, Martin of Ant- 
werp, a famous painter, graved abundance of plates of his 
own invention, and fent feveral prints into Italy, marked 
thus, M. C. After him, Albert Durer appeared, and gave 
the world a vaft number of prints both in wood and copper. 
About this time, one Hugo de Carpi, an Italian painter, 
found out a way, by means of feveral pieces of wood, to 
make prints refemble defigus of chiaro-feuro (fee Cutting 
in Wood) ; a method revived in our country, fome years 
ago, with much fuccefs by Kirkall, and fince at Venice by 
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Jackfon, though very imperfeAly; and fome years after, 
the invention of etching was dilcovered, which was foon 
after made ufe of by Parmeggiano. 

Mr. Walpole oblerves, that it was not till Raphael had 
formed Marc Antonio, that engraving placed itfelf with 
dignity by the lide of painting. See Engraving and 
Etching. 

When the art reached England docs not certainly appear. 
Mr. Chambers, on the authority of Mr. Bagford, (fee Phil. 
Tranf. N" 310. p. 2397, or Abr. vol. v, part ii. p. 20.) 
erroneoufly faid, that it was firft brought from Antwerp by 
Speed, in the reign of James I. ; whereas we had it in fome 
degree almolt as foon as printing ; the printers themfelves 
ufing fmall plates for their devices and rebufes. Caxton’s 
Golden Legend, printed in 1413, has in the beginning a 
group of faints, and many other cuts difpofed through the 
body of the work. The fecond edition of his Game of 
Chefs, and Le Morte de Arthur, had alfo cuts. Wynkyn 
de Worde, Caxton’s fuccelior, prefixed to his title of the 
Statutes, in the feventh year of Henry VII. or 1491, a 
plate with the king’s arms, crefts, 5 cc. a copy of which is 
given in the Life of Wynkyn, by Mr. Ames, in his Typo- 
graphical Antiquities, p. 79. The fame printer exhibited 
leveral books adorned witli cuts, fome of which are parti- 
cularly deferibed by his biographer, p. 87, 88, 89, See. 

The fuhfequent printers continued to ornament their 
books with wooden cuts. One confiderable work, pub- 
lifhcd by John Raftcll, called the Paflyme of the People, 
and Raftell’s Chronicle, w^as diftinguifhed by prints of fuch 
uncommon merit for that age, as to have been aferibed to 
Holbein. Grafton’s Chronicle, printed in 1569, contained 
many heads, as of William the Conqueror, Henry VIII., 
queen Elizabeth, &c. and many more are recorded by 
Ames. But though portraits w'ere ufed in books, Mr. 
W alpole obferves, that he can find no trace of fingle prints 
being wTought off in that age. Thofe which compofed 
part of the collcdtion of Henry VIII. were probably the 
produftions of foreign artiils. The firfl book that ap- 
peared with cuts from coppcr-platcs, or at leaft the firfl 
that Mr. Ames had obferved, was the Birth of Mankind; 
otherwife called the Woman’s Book, dedicated to queen 
Catharine, and publifhed by Thomas Raynalde in 1540, 
with many fmall copper cuts, without any name. See 
Ames, ubi fupra, p. 35. 46. 60, and 219. Walpole’s 
Catalogue of Engravers, &c. 4to. 

The fabric of the rolling-prefs, and the compofition of 
the ink ufed in it, with the manner of applying both in the 
taking off prints, a.'e as follow : 

Structure of the Rolling- P refs . — This machine, like the 
common preis, may be divided into two parts : the body and 
carnage f analogous to thofe in the other. 

The body confifts of* two cheeks of different dimenfions, 
ordinarily about four feet and a half high, a foot thick, 
and two and a half apart, joined at top and bottom by 
crofs pieces. The cheeks are placed perpendicularly on a 
wooden fland or foot, horizontally placed, and fuftaining 
the whole prefs. 

From the foot likewife rife four other perpendicular 
pieces, joined by other crofs or horizontal ones ; which may 
be conlidered as the carriage of the prefs, as ferving to 
fuflain a fmooth, even plank, which is about four feet and 
a half long, two feet and a half broad, and an inch and 
a half thick ; upon which the engraven plate is to be 
placed. 

Into the cheeks go two wooden cylinders or roUers, 
about fix inches in diameter, borne up at each end by the 
cheeks, whole ends, which are leffened to about two inches 
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diameter, and called trunnions^ turn in the cheeks between 
two pieces of wood, in form of half-moons, lined with po- 
liihed iron, to facilitate the motion. 

The fpace in the half moons, left vacant by the trunnion, 
is filled with paper, pafteboard, &c., that they may be 
raifed and lowered at diferetion ; fo as only to leave the 
fpace between them neceffary for the carriage of the plank 
charged with the plate, paper, and blankets, 

Lallly, to one of the trunnions of the upper roller is 
faflened a crofs, confifli^ of two levers, or pieces of wood, 
traverling each other. The arms of this crofs ferve in lieu 
of the handle of the common prefs; giving ^a motion to 
the upper roller, and that to the under one ; by which means 
the plank is protruded, or paffed between them. 

Preparation of the Ink . — The ink ufed in rolling-prefs 
printing, is a compofition of black and oil mixed and boiled 
together in a due proportion. 

The black is a faditious matter, made, as fome fuppofe, 
of the oil of vine twigs, or, according to others, of the 
kernels of fruits, fuch as peaches and apricots, well burnt, 
with wine lees. 

This black is ufually brought hither ready prepared from 
Frankfort on the Maine ; whence our printers call it Frank- 
fort black. 

This is fofter and more free from grittinefs than the 
ivory or other charcoal blacks, as they are ufually prepared 
among us. 

The oil with which they dilute this black is nut-oil; 
which is fet on fire, boiled up differently, according to the 
difierent works it is to be ufed in ; but never fo far as to 
communicate to the oil the adhefive gluey quality of the 
printer’s varnifii. 

They ufually make three kinds, thin, thick, and itrong, 
only differing in the degree of codlion ; the ftrong is that 
ufed in the fineft works, &c. 

To make the ink, they pulverize the black very carefully, 
and pafs it through a fine fieve ; then mix it up on a marble 
with the proper oil, by means of a mullet, after the fame 
manner as the painters do their colours. 

Printing from Copper Mates ^ Method The ink be- 
ing prepared, they take a little quantity of it on a rubber, 
made of linen rags, llrongly bound about each other 5 and 
with it fmear the whole face of the plate, as it lies on a 
grate, over a charcoal-fire. 

The plate fufliciently inked, they firfl. wipe it coarfely 
over with a foul rag, then with the palm of the left hand, 
then with that of the right; and to dry the hand, and 
forward the wiping, rub it from time to time on whiting. 

In wiping the plate perfectly clean, yet without taking the 
ink out of the engraving, conlills a great part of the ad- 
drefs of the workman. The French printers ufe no whit- 
ing, as being detrimental to the colour of the ink ; nor do 
they lay the plate on the grate to warm, till after inking 
and wiping it. 

The plate, thus prepared, is kid on a thick paper, fitted 
upon the plank of the prefs ; over the plate is laid the 
paper, firft moiilened, to receive the impreflion ; and over 
the paper two or three folds of blanketing, or other fluff. 

Thus difpofed, the arms of the crofs are pulled, and, 
by this means, the plate, with its furniture, paffed through 
between the rollers ; which, pinching very ftrongly, yet 
equably, preffes the moiftened paper into the flrokes of the 
engraving, whence it licks out the ink. 

Some works require being pafl'ed twice through the prefs, 
others only once, according as the graving is more or lefs 
deep, or the greater or lets degree of blacknefs the print 
is defired to have. 
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It rouft be obferved, that the ftronger and thicker the 
ink i», the ftronger muft the rollers pinch the plate ; this 
tempU many of the workmen to ufe a thinner oil, in order 
to fare labour; which proves very prejudicial to the im- 

e"wetting of the paper ought to be done two or three 
davs before prating it, to render it more fupple and mellow : 
M the prints arc drawn off, they are hung up to dry on 

^'"Laftlv, after the number of prints defircd have been 
wrought off from the plate, they rub it over with oil of 
olives, to prevent its rutting, and fet it by againft a new 
impreflion. If the ttrokes of the graving be pcm-ived full 
of ink hardened therein in the courfc of the printing, they 

boil it well in ley before the oil be applied. 

Printing with wooden printt. See Cutting tn Wood. 
Printing in ehiaro-feuro, is a method of producing a 
ftronir effeft of relief, attended with a juft and natural gra- 
datlon of the lights and (hades, grounded with brown, with 
white and black, by printing on paper. We have already 

obferved, that the art of doing 'a 

in Italy, by Hugo de Carpi. M. le Boffe direas it o be 

performed in the following manner. Having provided two 
wpper-plates of equal itze, and exaaiy fitted to each 
X, on one of them let the propofed def.gn be engraved, 
and let the prints be taken off from it with printing ink 
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on (heets of grey paper. The other plate mull then be 
varnilhed, and the varniflicd fide being laid upon the (heet 
printed by the firft pUtc, they mud be pallVcl under the 
roller ; when the print will liave made a counter-proof on 
the varnifii of the plate ; after which the lights mutt be 
graved on the plate, and corrpded very deeply by aqua- 
xurtis. The fame thing may otlierwife be done with the 

5 raver, and with greater cafe by thofe who can ufe it well, 
n order to properly prepare the oil, the bell method is to 
ufe very white nut-oil drawn without fire, and to put it into 
two leaden veflcls, and fet it in the fun till it becomes thick 
in the proportion of the weak oil. Flake white muft then 
be taken, which muft be ground, and wafhed over, till it 
be extremely fine ; and then being dry, it mull be ground 
with the weak oil, and the thick oil added to it. Then 
having taken an imprellion with black printing ink, or any 
other colour, from the firll plate, that is entirely engraved, 
on coarfe grey paper, it mull be left to dry for ten or 
twelve days ; when thefc prints having been wet, another 
imprelfion mult be made upon them by the plate, on which 
the lights are engraved, charged with the white flake and 
oil in the ufiial manner of pr’.iiling ; taking care that the 
correfpondent parts of the plate, and tlie impreflion already 
made, may be adapted exactly. By this means the print- 
ing in chiaro-feuro is pcrfedly performed. Sec Claiu 
Obfeure, 







Pump 


PUMP, Antlia, in Hydraulic^ a machine formed on 
the model of a fyringc, for raifing of water. 

Vitruvius aferibes the firft invention of pumps to Ctefebes 
the Athenian ; whence the Latins call it machina Ctefibiana, 
or organum Ciefebicum* 


Pumps are dittinguifhed into feveral kinds, with regard 
to the feveral modes of their aAing. As the 

Common fucking^tump^ which confiits of a pipe open at 
both ends, in whicn is a moveable piiton, bucket, or fucker, 
as big as the bore of the pipe in that part in which it works, 
and fathered round fo as to fit the bore exactly ; and may 
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be moved up and down, without admitting any air to come k»-i- . r. it , 

between it and the pipe or pump barrel. There are feveral fwhirK k U, and the valve 6 on the fixed box H> 

kinds of buckets :"tL moft flple of all, whicn; com f ^ 

monly ufed for ordinary pumps, confiita ofa cylindric piece bucket and bnv ^ weight, upon the hole in the 

of wood, whofe diameter i. fomewhat lefs thal the bore of vaTvefar^ mX' Tt Y The 

the barrel, that it may move in it freely, having a hole quite leather rt r underneath with 

through the middle o'f it. Upon tl.elOp of thi, there ’an bucket T i, r" f"^ 'Y = »■«> 

iron piece faftened to a rod of iron or wood, which crocs E and rod n Ttl pf^'lled alternately by the handle 

quite% the top of the pump, and by mean, of whichT Jorkt^JeSnl ‘ ^ 

motion is given to the bucket. Near the top of the cvlin- KnCi .1 i n t- 

dric wood, there is aleaUier ring fattened round it, which bucket from B to C 'wlli-h *1,.“"'* draw up the 

goes a Tittle higher than it, top : the hole in the wood is the numn all ,1 i lur tl>e air in 

Sopped by a vflve made of a "round piece of leatW, fa^ whi^ td 

tened m one. part of the wood with nails. Upon this there valent to the url^;,rk, /r’ ^ r i ' 1* 

is an iron piate,a little larger than the bore of the hole, water in the velKl upon tlie 

and another iron plate under it, a little lefs than the f.ime the outward air will iircfs^nn f h ^ 

bore 5 and the plate, and leather are fattened tcethev Tv fTt A Tnt ,h ‘ ^ ^ 

rnean, of a rivet or ferew in the middle of thcim When condenfe the rarefied" air T^he pje betwmiT 'anTcTlI 
the bucket is put into the barrel, and the leather becomes the Cami' (Ut,* u r i ^ ana to 

avet, it will apply itfclf to the fide, of the barrel, and prel within the pipe is equal t the W or ' preHure 0^? 
yentthe pattapoftheair. rheufeofihe twan-^ award air, the waL will rife no higher by tl^ firft 

., to fuftan. tr,e preHure of the water which would other- llroke ; and the valve £, which wa, raifed a little bv t2 
wife bend the leather,. For lar^-r pumps the bucket is dilatation of the air in the pipe, will fall, and Cthe\ok 
made m the following manner • tW is a hollow p.cce of in the box H ; and the furVaL of the i;a‘er wilf Hand « 
brafs, alrnoft equal at top to the bore of tlu- barrel, but e. Then deprefs thc pifton or bucket from C to B and 
fmall at the bottom, having at it, top a braf, bar, and .at a, the air in the part B cannot get back again through the 
the botom two notches to receive the end, of another brafs valve i. it will (a, the bucket ifends) raife the vIve 7 
bar, of the fame figure as that at tlu- top. Round the braf, and l<> make its w.,y tl, rough the upper part of the bTrd 
piece there goes a leathern ring, fattened to it at its lower i/ into the open air. But upon railing the bucket G a 
part by means of an tron ring, wlijch, being almoll at the feeond time, the air between it and the water in the lower 
bottom of the brafs piece, i, not fo large a, us top, and pipe at r will be again left at liberty to fill a larger fpace , 
coiifequently does not touch the fide, o? the barrel : this and fo it, fpring being again weakened, the prefitre of the 
leathern ring Ihould go a little Ingl.er than the crofs-piece at outward air on the water in the vcffel K will force more water 
bottom. 'Ihcyalvecoiifitt, ofa piece of leather almoll eqiml up into the lower pipe from r to /; and when the bucket 
to the top of the braf, piece, covered by two iron plates of is at it, greateft height C, the lower valve i will fall, and ftou 
the fame iize ns the leather, and having under it two plates the hole in the box H, as before. At the next firoke of 
fomewhat fmallcr than the bore of the brafs piece at its top ; the bucket or pifton, the water will rife through the box 
thefe iron plates and leathers are faftened together with H towards B, and then the valve which was raifed by it 

fr-rewH. TIiJr valve miift' he aiii^lied tn the tfin nf the ki-^fo .irni f-ill wrl.r.., ♦l.rs o ... . i . */ * 


ferews. This valve muft be applied to the top of the brafs will fall when the bucket G is at its greateft height. Upon 
piece or box, fo that the brafs bar upon it may be between deprefling the bucket again, the water cannot be pulhed 
the two iron plates under the leather. The wliole i, fid- back through the valve i, which keep, clofe upon the hole 
tciied together by mciuis of an iron piece, wliofe lower part whiltt the pitton defeends. And upon raifing the pifton 

middle of the valve, and the again, the outward preHure of the air will force the water 


goes through the holes 


two brafs rods, fo that its upper part getting between the up through H, where it will raife the valve, and follow 
two upper iron plates of the valve, preffes upon the leather, the bucket to C. Upon the next depreflion of the bucket 
and makes it apply itfelf clofe to the upper braft bar. G, it will go down into the water in the barrel B; and at 
This iron piece or rod ought to have two Iioles, one at the the water cannot be driven back through the now clofe 
bottom, juft under the lower brafs rod, to hold it clofe by valve 6 , it will raife the valve « as the bucket defeends, and 
means of a pin or key ; and another at its top, to faften it will be lifted up by the bucket when it is next raifed. 
to another iron rod, which is continued quite to the top of And now, the whole fpace below the bucket being fullj 
the pump, in order to give motion to the bucket. The the water above it cannot fink when it is next depwfled ; 
chiet advantages of this kind of buckets arc, that they give but upon its depreftion, the valve a will rife to let the 
the freed paftage to the water, having the leatt fri^fion bucket go down j and when it is quite down, the valve a 
puflible, as they touch the barrel only at the upper end of will fall by its weight, and ftop the hole in the bucket, 
the brafs box ; and that the fand or gravel, which is com- When the bucket is next raifed, all the water above it will 

monly mixed vnth the water, cannot get between the be lifted up, and begin to run off by the pipe F. And 

bucket and the barrel, becaufe the leathern ring is higher thus, by raifing and deprelTing tlie bucket alternately, there 
than the brafs tube ; befides, if by any accident the motion is ftill more water raifed by it ; which getting above the 
of one fide of the valve were hindered, the other would pipe F, into the wide top I, will fupply the pipe, and make 

ferve till it were mended. See Valvk. it run with a continued dream. 


The conftru6tion of pumps is ufually explained by glafs 
models, in which the a^ion both of the piitons and valves 
may be feen. In order to underftand the ftru^ure and 
operation of the common pump, let the model D C B L 
(P/a/f XIV. Hydraulics^ fg. placed upright in 

the vefiel of water K, the water being deep enough to rife 
at leaft as high as from A to L. The valve a on the 


So, at every time the bucket is raifed, the valve b 
rifes, and the valve a falls ; and at every time the bucket 
is depreffed, the valve b falls, and a rifes. 

As it is the prefTurc of the air or atmofphere which 
caufes the water to rife, and follow the pifton or bucket G 
as it is drawn up : and fince a column of water 32 feet high 
is of equal weight with as thick a column of the atmofphere. 
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from the earth to the verv top of the air ; therefore the 
perpendicular height of the pifton or bucket from the 
fur&ce of the water in the well muft always be left than 
32 feet ; otherwife the water will never get above the 
bucket. But when the height is lefs, the preflurc of the 
atmofphere will be greater than the weight of the water in 
the pump, and will therefore raife it above the bucket : and 
when the water has once got above the bucket, it may be 
lifted by it to anv height, if the rod D be made long enough, 
and a fufficient aegree of ftrength be employed, to raife it 
with the weight of the water above the bucket, without 
ever lengthening the (Iroke. 

The force required to work a pump, will be as the 
height to which the water is raifed, and as the fquare of the 
diameter of the pump-bore, in that part where the pifton 
works. So that, if two pumps be of equal heights, and one 
of them be twice as wide in the bore as the other, the wideft 
will raife four times as much water as the narrowed ; and will 
therefore require four times as much ftrength to work it. 

The widenefs or narrownefs of the pump, in any other 
part beiides that in which the pifton works, does not make 
the pump cither more or lefs difficult to work ; except 
what dinerence may arife from the fri^ion of the water in 
the bore, which is always greater in a narrow bore than 
in a wide one, becaufe of the great velocity of the water. 

The pump-rod is never railed dired^ly by fuch a handle 
as £ at the top, but by means of a lever, whofe longer 
arm (at the end of which the power is applied) generdly 
exceeds tlic length of the ftiorter arm five or fix times ; 
and, by that means, gives five or fix times as much advan- 
tage to the power. Upon thefe principles, it will be eafy 
to find the dimenfions of a pump that (half work with a 
given force, and draw water from any given depth. 

The quantity of water raifed by each ftroke of the pump- 
handle, is juft as much as fills that part of the bore in which 
the pifton works, be the fize of the reft of the bore above 
and below the pifton what it will. The preflurc of the 
atmofphere will raife the water 32 feet in a pipe exhaufted 
of 'air ; but it is advifable never to have the pifton more 
than 20 or 24 feet above the level of the furface of the 
water in which the lower end of the pump is placed : and 
the power retjuired to work the pump will be the fame, 
whether the pifton goes down to be on a level with the 
furface of the well, or whether it works 30 feet above that 
furface $ becaufe th^ weight of the column of air that the 
pifton lifts, is equal to the weight or prefl'ure of the column 
of water raifed by the preflurc of the air to the pifton. 
And although the preflfure of the air on the furface of the 
well will not raife or force up the water in the pump-bore 
more than 32 feet, yet when the pifton goes down into the 
column fo raifed, the water gets above it, and may then be 
raifed to any height whatever, above the pifton, according 
to the quantity of power applied to the handle of the 
pump for that purpofe. 

Pumps ought to be made fo (fays Mr. Fergufon) as to 
work with equal eafe in raifing the water to any given 
height above the furface of the well. And this may be 
done by duly proportioning the diameter of the bore (in 
that part where the pifton works) to the height the water 
it to oe raifed, at that the column of water may be no 
heavier in a long pump than a (hort one ; or indeed equally 
heavy in all pumps from the fliorteft to the longeft, on a fup- 

K fition that the diameter of the bore is of the fame fize 
m top to bottom : and whatever the fize of the bore be, 
above or below that part in which the pifton works, the 
power required to work the pump will be juft the fame as 
if the bore was of the fame me throughout. 


PUMP 

In order that a man of common ftrength may raife water 
by pumps with the fame cafe, to any heiglit not lefs than 
10 feet, or more than 100 feet, above the furface of the 
weU, Mr. Fergufon lias calculated the annexed table, in 
which the diameter of the bore is duly proportioned to the 
height ; and in tlicfe calculations he fuppofes the pump 
handle to be a lever increallng the power five times. 


Height of the Pump, 



Water dtfeharged in 
a IVlimite, in Wine 

in Feet, above the 

Diameter of the Pore. 

Surfuce of the Well. 



Meafure. 


Inches. 

100 Parts of 
an Inch. 

Gallons. Pints. 

10 

6 

•93 

81 6 

>5 

5 

.66 

54 4 

20 

4 

.90 

40 7 

25 

4 

•38 

32 6 

30 

4 

,00 

27 2 

35 

3 

.70 

*3 3 

40 

3 

.46 

20 3 

45 

3 

•27 

18 I 

SO 

3 

.10 

16 3 

55 

2 

•95 

14 7 

60 

2 

.84 

*3 5 

65 

2 

•72 

12 4 

70 

2 

.62 

5 

75 

2 

•53 

10 7 

80 

2 

•45 

10 2 

85 

2 

•38 

9 5 

90 

2 

• 3 > 

9 I 

95 

1 ^ 


8 5 

100 

2 

.19 

8 I 


In the firft column, look for the number of feet the water 
is to be, raifed ; then, in the fecond column you have the 
diameter of that part of the bore in which the pifton or 
bucket works ; and in the third column, the quantity of 
water whicli a man of ordinary ftrength can raife in a 
mijjute by the pump to the given height. 

Tlie quantity of water contained in a pipe of either of 
thofe heights in the table, fappoling the diameter of the 
bore to be the fame from top to bottom of the pipe, is 
4523*^ cubic inches, or gallons in wine mrafure, as 

near as the hundredth part of an inch in the cliann ti r of the 
bore can make it. 

Mr. Fergufon has calculated the following table, bv which 
the quantity and weight of water in a c>aindricai bore ol 
any given diameter and perpendicular height may be very 
readily found. 


Diameter oftlic c^lindrlc.il Bore one Inch. 

Feet 

high. 

Quantity of Water in 
cubic Inches. 

1 Weic’ht of Waif r in j In Avoirdupois 
Troy Ounces. Ounces. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

9-4247781 

18.8495562 

28.2743343 

37.6991124 

47.1238905 

5&5486686 

65.9734467 

75.3982248 

84.8230029 

4.9712340 

9.9424680 

14.9137020 

19.8849360 

24.8561700 

29.8274040 

34.7986380 

39.7698720 

44.7411060 

5-4541539 

10.9083078 

16.3624617 

21.8166156 

27.2707695 

32.7249234 

38.1790773 

43.6332512 

49.0873851 
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For tens of feet high, remove the decimal points one place 
towards the right hand ; for hundreds of feet, two places ; 
for thoufands, three places ; and fo on. Then multiply 
each fum by the fquare of the diameter of the given bore, 
and the produfts will be the anfwer. 

Example, 

Qu. JVhal is the quantity and weight t>f water in an upright 
ppe feet high ^ and lO inches in diameter of horef The 
fquare of lo is loo. 


Troy Oi»nc***. AvoirJupois Ounces 


jheet Cubic Inches, 
high. 

8o 753.982248 397.698720 436.332312 

5 47.1238905 24.8561700 27.2707695 

85 801.1061385 422.5548900 463.6030815 

Multiply by ic>o 100 100 

lAnf.j 801 10.6138500 42255.4890000 46360.3081500 

Which number (80110.61) of cubic inches being di- 
vided by 231, the number of cubic inches in a wine gal- 
lon, gives 342.6 for the number of gallons in the pipe ; 
and 42255.489 troy ounces being divided by 12, gives 
3521.29 for the weight of the water in troy pounds : and 
fallly, 46360.5 avoirdupois ounces being divided by 16, 
gives 2897.5 for the weight in avoirdupois pounds. 

The power required to work a pump, or any other hy- 
draulic engine, muft not only be equal to the weight of the 
whole column of water in the pump bore, but as much fu- 
perior to it as will overcome all the fridlion of the working 

parts of the engine. . , .1, u « 

Pump, the Forcing, raifes water through the bo* il 
(gjr, r.) not in the fame manner as the fucking-pump does, 
when the plunger or pifton g is lifted up by the rodUrf. 
But this plunger or forcer (fee FoHCEii) has no hole 
through it, to let the water in the barrel B C get above 
it, when it is depreffed to B; and the valve ^ (which rofe 
by the afeent of the water through the bo* H when the 
plunger p was drawn up) falls down and Hops the hole in 
H, ^e moment that the plunger is raifed to its greateft 
height. Therefore, as the water between the plungw r and 
bo* H can neither get through the plunger upon it* defeent, 
nor back again into the lower part of the pump Le, hut has 
a free oaflageby the cavity around H into the pipe MM, 
which opens into the air-veflel K K at P 5 ih® water is 
forced through the pipe MM by the defeent of the plunger, 
and driven into the air-veffel ; and in running up through 
the pipe at P, it opens the valve a ; which fhuts at the 
moment the plunger begins to be raifed, 
aaion of the water againll the under fide of the valve 

ThTwater being thus forced into the air-veffel K K by 
repeated ftrokes of the plunger, gets above the lower end 
of the pipe GHI, and then begins 
in the veffel K K. For as the pipe G H is fixed air- 
tight into the veffel below F, and the air has no vray to 
get out of the yeffel but through the mouth of the pipe at 
f. and cannot get out when the mouth I .. covered w,th 
water, and is more and more condenfed as the J' ** 

upon the pipe, the air then begins to z€t forably by rts 
faring aga^i^ the furface of the water at H : ‘hi. 

lad dSves the water up through the pipe r^HGF^ 
from whence it fpouts in a jet S to a great height , and 
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18 fupplied by alternately raifing and deprelTing of the 
plunger g, which conftantly forces the water that it raifet 
through the valve H, along the pipe M M, into the air- 
veffel KK. 

The higher the furface of the water H is raifed in the 
air-veffel, the lefs fpace will the air be condenfed into, 
which before filled that veffel ; and therefore the force of 
its fpring will be fo much the ftronger upon the water, 
and will drive it with the greater force through the pipe 
at F : and as the fpring of the air continues whillt the 
plunger g is rifing, the ttream or jet S will be uniform, 
as long as the a 61 ion of the plunger continues: and 
when the valve B opens, to let the water follow the plunger 
upward, the valve a fhuts, to hinder the water, which is 
forced into the air-veffel, from running back by the pipe 
M M inU) the barrel of the pump. 

If there was no air-veli'el to this engine, the pipe GHI 
would be joined to the pipe M M N at P ; and then the 
jet S would flop every time the plunger is raifed, and run 
only when the plunger is depreffed. 

Mr. Newfham’s water engine, for extinguifhing fire (fee 
'Fm'E^Engine)t confifts of two forcing-pumps, viTiich alter- 
y drive water into a clofc veffel of air ; and by forcing 
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the water into that veffel, the air in it is thereby condenfed, 
and coinpreffes the water fo ftrongly, that it rufhes out 
with great impetuofity and force through a pipe that 
comes down into it ; and makes a continued uniform 
ftream by the condenfation of the air upon its furface in 
the veflel. 

By means of forcing-pumps, water may be raifed to any 
height above the level of a river or fpring ; and machines 
may be contrived to work thefe pumps, either by a running 
ftream, a fall of water, by horfes, or by fleam. See Water 
IVorls. 

The rod of the bucket in a fucking-pump is fometimes 
made to work through a collar of oiled leathers and brafs 
plates connefted with the barrel of the pump by ferews, and 
kept moift by water contained in a veflel at the top : it pre- 
vents the water ifiuing from the top of the puinp, and there- 
fore, by a pip^> ft will rife to any neight. This is called in 
the North, a jack-head. Dcfaguliers’s Exp. Phil. vol. ii. 
p. 152, &c. Fergufon's Ledures, p. 73, &c. 4to. 

Pump, the Lifttngy differs from the fucking-pump only in 
the difpoGtion of its valves, and the form of its pifton frame. 
This kind of pump is reprefented in fig. 6. A B is a bar- 
rel fixed in a frame I K L M, which is immoveable, with 
its lower part communicating with the water. G E Q H O 
is a frame with two ftrong iron rods, moveable through 
holes in the upper and lower parts of the pumps I K and 
L M i in the bottom of this frame O Q H, is fixed an in- 
verted pifton B D, with its bucket and valve upon tlie top 
at D. Upon the top of the barrel there goes off a part 
F R, cither fixed to the barrel, or moveable by a ball and 
focket; but in cither cafe water and air-tight. In this 
part, at C, is fixed a valve opening upwards. It is evident, 
that when the pifton frame is thruft down into the water, 
the pifton D defeends, and the water below will rulb up 
through the valve D, and get above the pifton ; and that, 
when the frame is lifted up, the pifton will force the wat« 
through the valve C up into the ciftern P, there to run off 
bythefpout. The pifton of this pump plays below the 
furface of the water. Mr. Martin has dcfcribed a mercwul 
pump, which works by quicklilvcr, invented by Mr. Hof- 
kin6, andperfeaedby Defaguliers; and another pump of the 
lifting fort, invented by Meffrs. Goflet and De la Denille, 
and let up in the king of France’s garden at Pans, the pitton 
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of which works without friftion. Phil. Brit. vol. ii. p. 57, 
&c. ed. 3. 

Pump, Ctefibes^s^ the firft of all the kinds, aAs both by 
fu 6 lion and pulfioii. Its ftrufture and adion arc as follow : 
--A brafs cylinder A BCD (/^. 70 > fumilhcd with a 
valve in L, is placed in the water. 2 . In this is fitted the 
embolus M K, made of green wood, which will not fwell 
in the water, and adjufted to the aperture of the cylinder 
with a covering of leather, but without any valve. In H 
18 fitted on another tube N H, with a valve that opens 
upwards in I. 

Now, the embolus E K being raifed, the •water opens the 
valve in L, and rifes into tlic cavity of the cylinder ; and 
when the fame embolus is again dcprcfled, the viilvc 1 is 
opened, and the water driven up tlirough the tube H N. 

This is the pump uled among the ancients, and that frv)m 
which both the others are deduced. Sir S. Morland has 
endeavoured to increafe its force by lefTcning the fridllon ; 
M'hich he has done to good effed, infomuch as to make it 
work without almoll any fridion at all. 

Pumps for draining Mines arc w'orked by horics, or water, 
but more than cither by the Aeam-ciigine, which, had it 
produced no other advantage than the facilities it offers in 
mining, would have been of more real value than any jihilofo- 
phical difeovtTy ever made. The pumps for this purpofe arc 
generally fucking-pumps of the common conftrudion, madcof 
call -iron, except that tlv. y have an opening at the lower ])art 
of the barrel, to giveaccefsto the valve or bucket when they 
i*cquirc rejiair or renewal of the leathers, and this is clofed 
by a door or lid, failened on with ferews. The pump rod 
is fufpended by chains from the arched end of a lever fituated 
over tlie pit, and put in motion by the pillon of the ilcam- 
engine ading at the oppofitc end, or by a crank turned 
from a horlc-wheel or water- wheel. Whew the depth is 
confulerablc, the pit is divided into two or three lifts, 
and as many different pumps ufed ; the loweft to raife 
the water from the bottom of the mine into a cillern 
at the firli lift, in w'hich the feeond pump jlands, and 
raifes the water to a feeond ciftern, from wliicli the 
third or upper pump raifes it to the furfacc, or to 
the level or fubterranean paffage, at which it can run 
off to fomc lower land than that on which the engine is 
credfed. The rods of the three pumps arc brought into 
one by bolting them together at the top, and are fufpended 
from the beam or lever, as before-mentioned. They are 
made of wood, the lengths being united together by iron 
joints; but even tl\efe in deep mines are of fuch great 
weight as to require a- feeond beam or lever, placed on the 
oppofite fide of the pit to tlic engine, and having a balance 
weight at the outer end ; becaufc it would be too great a 
weight for any beam to bear, if a fufficient balance w^rc 
put upon the oppofite end of the fame working beam tliat 
bears the Itrain of working the pumps : if they are of 
light wood, a conliderable portion of their weight is taken 
on, by their being irnmerfed in the water which the pumps 
contain. 

A plan which is common in the mines of Cornwall, 
obviates the ncceflity of thus balancing the pump rods ; 
it is by employing forcing-pumps inftcad of lift or fudlion- 
pumps. In thefe the engine is employed to lift the weight 
of the rods, and their defeent js the power that ratfes 
the water in the pump, by prefling down the pi lion or 
forcer, and expelling the water from the barrel at the bottona 
through a valve into a pipe, which afeends the pit. The 
conftrudlion of the pump is varied from that in common 
uffii though iti priomplc is the fame. In (lead of the barrel 
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being bored correctly withinlide, and fitted with the leathered 
forcer, the forcer is made rather longer than the ftroke of 
tlie pump, and being made true and Tmooth on the outfide, 
it is fitted in a collar of leatlier at the lop of the barrel of 
the pump. By tliis means, when the pifton is raifed up and 
down, it increafes and diminilhes the cajiacily of the barrel, 
which being provided >vith valveb at the bottom and at the 
foot of the pipe, it will raife or force up the water, in the 
fame mariHcr as the force-pump before delcribed. 

The fu^tion-pumps before mentioned, ufed in mining, 
are always made of call-iron, in lengths of fix or eight 
feet, ferewed together at the flanches, forming a long tube, 
which is called the pile or pillar of pumps. 

The working barrel of each lift of pumps, or tliat Icngtli ol 
pipe ill which the bucket moves, is uliially fourteen to twenty 
ftvt above the bottom, and has at its upper end a wider 
part, and a cover, which, like that above-mentioned, takes 
(•ITby ferews to neu leather, or to repair the bucket. 'The 
bottom length of inine-pump.s called tlie wind-bore, 
ulually enlarged at two or three feet from the bottom, and 
diminilhing thence to a point like that of an egg, which 
part is full of rows of holes tlnei* quarters or an inch in 
diameter. The upper row of theie holes is plugged up with 
deal plugs, which the miners can open or Hop us the water 
increafes', or otherwife, aiid according to the going of the 
engine. When a pit or min • i - iirlt finking, it becomes 
eeccllary to contrive the means of drawing the water com- 
pletely from the bottom, that they may not have to ftand 
in the water to work, which, befides it« inconvenience, pre- 
vents them ufing gunpowder if the bottom is rocky, Some- 
times, inftcad ol the plugs of wood, the iioles of the wind- 
bore arc furroundt'd by a circular apron of ftrong leather, 
made fall and tight above to the pipe ; whic h ajiron the 
inuiers can from time to tii 5 )c turn up or down like the cuft 
of a coat, fo as to regulate the .iccefs of water, and pre- 
vent, as much as poflible, the drawing of air by the pumps, 
as this deranges the motion of tlie engine. In finking pits, 
llie lower lift of pumps fllould Hand in the deepell hole 
which has been made m tlic bottom of liu* pit, and for 
this purpofe, w^lien a new hole has been mude, either by 
picking, or lilaliing, near to the pumps, they are levered to- 
wards, and let to fink into fuch new hc»le. Tn long lift# 
and heavy pumps, this loweft and niovcablc Lmgtli of the 
pump is wholly or in jurt fufpended by ftrong ropes 
attached to the great winulvifii, wliirh is, in all Inch cafes, 
provided near the fltaft for drawing the pun ji luds, or the 
pumps ihemfelves, in cafes of need. As the fhaft is deeju-ned, 
new lengths of jiump barrels arc added at the top of the 
lower lift, generally about a yard at a time, and the pump 
rods are lengthened as tlu? piiuip requires. This, which is 
the common mode of working in fiiiking pit?, has many in- 
convenienccH : i. As it is noceilary for the pumps, whilft 
finking, to keep the water very low in the pit, the engine 
frequently goes too fail, in confcquence of the pump draw- 
ing up air, and carries up by the violence of the current 
fmall pieces of ftone, coal, or other fiibliances, and lodges 
them above the bucket upon the valves, which muft con- 
fiderably re tard the working of the pump, and wear the 
leather. 2. When the engine is fet to work, (after having 
been Hopped wdiilll working upon air, and confcquently a 
quantity of air remaining in the pump-barrel, with tlie 
imall Hones, &c. dcpofited on the valv-^s of the bucket,) it 
often happens that the comprellure of the air by the delcent 
of the bucket, is not fufficient to overcome the weight of 
the bucket valves fo loaded with rubbifh, and the column of 
water in the ftand-pipes ; the pump is hereby prevented from 
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catching its water. The ufual remedy for this is to draw 
the bucket out of the working barrel, until a quantity of 
water has efcaped by its fid^rs to difplace the air : this evil 
often arifes from the unneceflary m^nitude of the fpace 
between the bucket and clack. 3. The pumps being fuf. 
pended in the pit by capftan ropes for the purpofe of be- 
ing readily lowered as the pit is funk, the ftretching of the 
ropes, (efpccially when Unking in foft ftrata,) occafions 
much trouble, by fufFering the pumps to reft on the bottom 
and choke ; but the molt ferfous evil is, that the miners, 
in fhifting the pump from one place to another, that they 
may dig in all parts of the pit, throw them very far out 
of the perpendicular, thereby caufmg immenfe fridlion 
and wearing in all parts, befides endangering the whole ap- 
paratus, by breaking the bolts and ftays, and (training the 
joints of the pipes. 

Mr. William Brunton, of Butterly iron-works in Derby, 
(hire, has prefented to the Society of Arts an improved 
pump for mining, which obviates all the above difficulties. 
To avoid the pump drawing air, he has introduced a fide 
pipe, coaneAing the parts of the working barrel which are 
above and below the bucket, which pipe has a ftop-valve, 
that the miner can regulate with the greateft eafe, fo as to 
keep the engine to its full ftroke, without drawing air, by 
letting down the water from the upper part of the, barrel 
into the lower, fo that it is working again in its own water. 
Inftead of having the whole weight of the lower lift of pumps 
ftanding on the bottom, it is fixed in the pit by crofs beams, 
and the miner has only to lift and move an additional pipe 
or wind-bore, which Aides upon the lower length of the 
pump like; a telefcope, to lengthen down, and this additional 
wind-bore is belidcs crooked, and turned afide like a (hort 
crank, which, by the facility with which it turns round in the 
fcathered collar above the nofe of it, can cafily be removed 
into every frefh hole which is made in the botton by the 
miners. The pumps arc fupported in tlie pit by beams 
placed acrofs at proper diftances, lo as to fuit the lengths of 
the pipes, or lengths of the pump, which are nine feet. 
Short pieces are laid acrofs thclc, with half circular hales in 
them, which being put round the pump, juft beneath the 
flanches, firmly fuftain its weight, but may quickly be re- 
moved when it is required lo lower the pumps in the pit ; 
and as they arc not faftened by any bolt, they do not pre- 
vent the pumps being drawn upwards, if it becoroies necef- 
fary to tak^ out the pumps when the pit is full of water. 
The pun.ps by thefe means remain ftationary and the ftttlion- 
pipe lengthens as the pit is funk, until it is drawn out to its 
full extent ; the whole column li then lowered to the next 
fianches, and another pipe is added to the top. The pumps 
being thus kept ftationary till nine feet arc funk, the pipe 
at the top will of courfe deliver the water at the fame level 
at all times, and inflead of being obliged to lengthen the co- 
lumn every yard funk, will only be neceffary every nine feet. 
Fig. 4. of Piate XV. Hydraulics^ explains the conftru£lion 
of Mr. Brunton^s pump, being a fe6lion through the centre 
of the working barrel and fu<Stion piece. A is the door which 
unferews to get at the clack of the pump ; B is the working 
barrel, with the bucket D working in it ; E is the clack, alfo 
(hewn enlarged in Jigs. 5 and 6 ; F is the fu 61 :ion-pipe, and 
G G a moveable lengthening piece : this Hides over, and in- 
cludes the other when the pump is firft fixed ; but as the 
pit is funk, it Aides down over the pipe F, to reach the bot- 
tom. The outfide of the inner pipe, F, is turned truly cylin- 
drical and frnooth, and the infidc of the outer pipe G, at 
the upper end, for about fix inches down, is made to fit it. 
The junftion is made perfect, by leathers being placed in the 
)sottom of the cup a Uf which holds water and wet clay over 
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The lowerextremity of the fudion-pipc G terminates in a Lfc 
X, pierced with a number of fmall holes, that it may not take 
up dirt. This nofe is not placed in a line with the pipe, but 
curved to one fide of it, like a crank, fo as to deferibe a circle 
when turned round. By this means the miners, by turning it 
round upon the pipe F, can always place the nofe R in the 
deepeftpartof the pit ; and when they dig or blaft a deeper 
part, they turn the nofe about into it, the Aiding tube length- 
ening down to reach the bottom of the hole, as Aicwn in the 
figure. By this means there is never a neccAity to fet a (hot 
for blafting, fo near the pump-foot as to put it in any 
danger of being injured by the explofion, as is the cafe in 
the common pump, in which this aanger can only be avoided 
by moving the pump-foot to one fide of the pit, which 
neceffarily throws the whole column of pumps out of the 
perpendicular. 

The con(lru6fion of the clack is explained by Jigs, 5 and 6, 
the former being a fe6fion, and the latter a plan. L L is a 
caft-iron ring, fitting into a conical feat in the bottom of 
the chamber of the pump, as (hewn in Jg. 4 ; it has two 
ftems, 4 4 rifmg from it, to fupport a fecond iron ring M M ; 
juft beneath this, a bar, m, extends acrofs from one ftem to 
another, and has two ferews tapped through it ; thefe prefs 
down a fecond crofs-bar n, which holds the leather of the 
valves down upon the crofs-bar of the ring L, and this 
makes it faft, forming the hinge on which the double valves 
open, without the neceflity of making any holes through 
the leather, as is common : but the chief advantage is, that 
by this means the clack can be repaired, and a new leather 
put in, with far left lofs of time than at prefent, an objed 
of the greateft importance ; for in many fituations the water 
athers fo fall in the pit, that if the clack fails, and cannot 
e quickly repaired, the water rifes above the clack door, fo at 
to prevent any accefs to it, and there is no remedy in the 
common pump but dravring up the whole pile of pumps, 
which is a mod tedious and expenfive operation, in Mr. 
Brunton’s pump, the clack can at any time be drawn out 
of It, by (irft drawing out the bucket, and letting down an 
iron prong Z, which has hooks on the outfide of its two 
points : this, when dropped down, will fall into the rin gM, 
and its prongs fpringing out will catch the under fide, and 
hold it fall enough to draw it up. Another part of Mr. Brun- 
ton's improvement confiils in the addition of^a pipe H, 
(Jig, 4. ) which is call at the fame time with the barrel, and 
communicates with it at the top and bottom, juft above the 
clack ; at the upper end the pipe is covered by a flat Aiding 
plate, which can be moved by a fmall rod pafling through 
a collar of leather ; the rod has a communication by a lever, 
fo that the valve can be opened or (hut by the men in the 
bottom of the pit. The objeft of this fide pipe is to let 
down fuch a proportion of the water which the pump draws, 
as will prevent it drawing air, though, of courfe, the motion 
of the engine will be fo adapted as not to require a great 
proportion of the water to be thus returned through the fide 
pipe, yet it will not be polfible to work the engine fo cor- 
reftly as not to draw fome without this contrivance, and if 
it does, it draws up much dirt and pieces of (lone into the 
pump, befides caufmg the engine to work very irregular, in 
confequcnce of partially loTing its load every time the 
air enters the pump. Another ufe of the fide pipe it to 
let down water into the chamber of the clack lo fill it, when 
the engine is firft fet to work, after the pumps have been 
ftauditie ftill, and the lower part of the barrel and chamber 
empty. 

Figs. 7 and 8, of Plafe XV. are a fc&ion and ele- 
vation of o thrcc-barrelled force-pump, of a very good 
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roiiftnittion, whicii was iifcd by Mr. Smeaton in the 
numerous water-engines which he eredted at Ijondon bridge, 
Stratford, and other places for the fupply of towns with 
waUr. It has the advantage of the valves being very aeeet- 
fiblc, and the water-way maybe kept to the full lize of the 
barrel without contractions, which, as they occafion great 
refill ance to the motion of the water, are u walte of power. 

It arts on t(io fame principle as the ordinary forcing-pump, 
only that three barrels are coinierted together, for the ad- 
vantage of raifing a coiiflant dream of water. A, A, are 
the barrels, which are boted out truly cylindrical. 1 1 the 
pump is fmall, the barrels an' ufually made of brafs, but for 
larger work call iron is u^ed. From on<‘ iule, near the 
bottom of each, proceeds a curved pipe B, turning up, and 
ending with a flaiinch, to ferew to the under fide of the 
forcing chamber L. There is alfo, near the bottom, at tlic 
oppofite fide of the barrel, a projertmg neck or Hiort pipe, 
D, covered at the end by a door ferewed on, tliat it m.i^ be 
removed to give acet to the valve, w, in tlie bottom of the 
barrel. The barrels have projerting rings or flaunches, by 
which they are ferewed down upon the furtion clrainber II, 
which is common to all tliree hariTT ; it has a pipe from each 
of its ends terminating in a flauneh /j, to ferew on the pipes 
which bring water to the pump, ^dle upper flauneh, or top of 
the furtion chamber Jl, has three holes in it, one under each 
barrel, and each is covered by a valve ftuittit'g dovMi- 
wards, as is fliewn in tlie fertion, fig. 7. Tliefe valves are made 
of iron, to fhut down upon liinges like a door, and are 
covered with leather at the lowtr lide. Mr. Simaton made 
his valves with the ('ciitre ]nn of the liiiige removed back- 
wards from the liolo which the valve ctivers, and it is alfo 
raifed above the fiirf.^ e of the inukr fide ol llie v..lve, by 
which means the valve ojicin in fomc dt gree on that fide 
where the hinge is, as well as on the other, and any obftruCtion 
getting into the valve, will be lefs liable to be detained, and will 
not have fuch a great leverage to break tlie hinge of the valve 
when the force of the v\ atcr fhut s it down, as it would if 
the hinge vs'as on a level, and elole to the edge of the hole, 
becaufe the obllacle will not be fo near the centre. ’^I'he 
hinge is failenedto the pump by a ferew^, tc, pafliug ihrough 
the metal, and ferew in g into the hinge; lln.> being with- 
drawal, and the door, i), opened, the valve is quite hiotc, 
and may be taken out to renew the leather. To give facility 
to this, the doors, D, are made oval, as iluwvn in Jig. 8. An- 
other fimilar valve, w, is lilted at the top of eacli of the pipes, 
B, to cover their apertures ; they arc all covered by a 
common forcing chamber, L, wdiich is exadlly limilar to the 
furtion chamber, except that it has iiofkls, K, m the top 
over each valve, and covered with doors to give accefs to 
them. The condurting pipes arc carried away from either 
end of the forcing chamber, flaunclics being provided to 
unite them. Each lieirrel is fitted with a pifton or forcer M, 
wliich confifls of three metallic plates, lecured to the rod : 
the middle plate k turned true, and fitted as accurately as 
polTible to the barrel ; the upper and lower plates are fome- 
what fmaller. Two round pieces of leather, larger than the 
barrel, are placed above and below the middle plate, being 
held fall between it and the upper and low^cr plates. When 
forced into the barrels, thefe leathers turn up and down round 
the upper and lower plates, forming two cups of leather, 
which accurately fit the barrel, and wnll not permit any fluid 
to pafs by them. The parts of the pump are fallened to- 
gether by ferews and nuts, as wdll be iindcrflood by in- 
fpertion of the figures. The whole pump is fupported on 
two ground-cillfi, and by means of two iron flaunches of 
the funrtion chamber, H, the whole pump is bolted down 
npon the ground-cilU. Th'* articn nf this pump is firriply 
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this ; when the pifton or forcer of one barrel is. raifed, it 
caufes a vacuum in it, and the prcfliirc of the atmofpherc 
forces the w^ater up the furtion pipe H, (if not more than 
30 or 33 feet,) opens the valve, w, in the bottom of the 
barrel, and fills it with water : on the di fcent of the forcer 
the lower valve fluits, and the forcing valve, «, opens by the 
water the barrel contained being driven through it into the 
forcing chamber, L, and thence to any place whither the 
forcing-pipe is earned. On the re-afeont of the forcer, the 
lower valve, wi, opens, and the (hutting of the forcing valve, 

«, prevents the water returning into the barrel. The three 
forcers work up and down allerii.iltdy, fo that w hilc one barrel 
is fending water up the force pipe, the otht rs are lifting it 
up the furtion pipe, and tlie third continues the ai^iion 
ill the interval, when the thaiin;e of motion taki‘s place 
between the tvvo. In tins inauiitr, the pump will luife a very 
conftuiit llreain oi w ater, if t!n‘ fon ers ap* worked in .1 
proper manner, wliich is bell done by n.i ans of cranks, placed 
at fucli an angle to cai h other, upon the fame axis, that the\ 
will art in due fucceflion. 

PtMivs for Ships. - Among tlie peril;; a fea-faring life, 
a leaking Ihip may he reckoned the inijll dreadful and fatal ot 
all others : here not only one man, or a few men, perillu 
but every living crcaturi' on hoard. WIumi a fhij) llrikea 
againll a rock, ami is vvret ked, loine lives may he laved h) 
floating planks and rigging ; if the inagaziiu' takeji liu-, 
death comes inllantani'ouily, ami kills, peril. ips, m the moH. 
gentle manner ; but in tlie delpiTate cafe of a leak, how 
liowly does the awful monarch advance, atteiivled by all the 
terrors of anxious fiifpcncc. 

In fnch a melancholy litnation, all their hopes and ex 
pertations for help and fafety nuill he pl.ieed m l(ie pumps, 
and tliis conlid^r:ltl()ll reiiderb tlvile madiineb of vail eiti- 
mation and conle(}uence ; it liigldy imports ever) com- 
mander of a Ihip (to w'kom the lives of ins men are com- 
mitted) to take the ntmoll care th. it his Ihip hi* fupplu'd 
w'ith fuch pumps as will bell providi* againll, and ward oil, 
thefe impending dai gm-s. B) any le gligence 111 this refpert, 
he may Ix'comc guilty oi dellroyii.’g his own life, the lives 
of his men, and of the ruin and mihry of many families ; it 
therefore becomes his duty to he furniflu'd vvith tlie hell 
pump that can he procured for evacuating the hold from the 
water that nniy, at any time, get in, with the le.ilt force, 
and in the fhortell time, 

i\t dincienl times, almofl every defcriplion of juimp hdi 
been employed in Ihip fervice ; but cullom has at lengtii 
decided iu favour of the chain-pump, al^hougli, from the 
frirtion luitinally attending its conllrurtion. it takes lunie- 
wliat more powir to raife a certain quantity of water tlian 
fome other kind of pump wlien well made. Yet on the 
whole, from being fo little liable to choke up or be de- 
ranged by violent ufe, it has gained the preference with the 
feamen. Coullant attenijUs have been made to jiroduce a 
pump that would raife a greater qiiantiiy of water tlian tlie 
chain-pump with the fame power, and Hill to preferve the 
other advantages of that machine. 

Thefe inventions have been offered to the public one 
after another, with pompous recommendations by their re- 
fpertive projertors, who have never failed to report their 
efferts as confiderably fuperior to that of other pumps with 
which they have been tried. It is, however, much to be 
regretted, that in thefe forts of trials there is not always a 
fcrupulous attention to what may be called mechanical juf- 
tice. The artitt who wifhes to introduce a new piece of 
mechanifm, has generally fuflicient addrefs to compare its 
efferts with one of the former machines which is crazy, or 
out of repair : a report of this kind, indeed, favour* ftroiigly 
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Ktt the evidence of a falfe witncdi# ; hni this fincflc* is not 
always difeovered. The perfons appointed to fuj)tTintend 
the comparative efli'e^ of the diflerent pumps, have not 
always a competent knowledge of hydraiihcs to d-teft 
thefe artifices, or to remark, with precifion, the defetis 
and advantages ofthofe machines, asoppofed to each other. 
Thus, the feveral inventions propoled to fupplant the chain- 
pumps which are now generally ufed in the BritiHi navy, 
have hitherto proved inefrc(5lual, and are no longer re- 
membered. 

In many in fiances, for w^ant of a proper knowledge of 
mechanics and liydraulics, t]u‘fe inventions have proceeded 
upon a miflaken principle, fuppofing it poflible to make 
fom*^ contrivance or other, by which a pump fhould raile 
more water with a certain power tlian has ever bc'^u done 
before. This is a millaken id(‘a, for pumps, in point 
of tin* qirannty of water they will nefe, have Ion;;- agt) 
been brouglit to as great a degree of perfedion as it vs 
pcrliap.^ poilible ; and to raife a gre.jt'n wi-ight of water 
tlisin liie power applied i;* equal to, is an impofTibility, as 
no power or eifort can r be incr.ated by any l.ind of 
maclme.ry, it lmji only Iv modilieJ ; and e hat is gained in 
tie: magn!tucIeoi' tin* elf lie nnaliiMc pre-hiccs, is loll iii 
the time e;:]i''ii'l.'d to atsomphfi it : m trutli, rath* r more 
is loil, heceiil * of lie- irutam ilie in ndune, and the 
power OKpi'nd‘'l in workmg Us parts; w* Ihould, there, 
fore, .ireertaiii "he <]iiaiitity ot water t h it can be railed in a 
given time by ^hc foice of one or more men, witlumt dv- 
diuHions for ii'cbon ; and a! ' n a fliip*s. or other ]>ump is 
to h ’ coiilidn v'd, d* its prodiue comes ne.ir to this flandard, 
we ihould be faii'died a- to its ptn f n m.eice, and look for 
iiTi})- )V'nnents in tin- conveieepc' s of its conilni<!’lion. 

Defagubers, in the fccond volume of Ins Experimental 
Philoiopi' v, has taken miudi pains to fuid out an avc’Mgc 
of the quantify of water which can be rail'd ui a given 
time by any niim!)cr of nuti ; and i!iii> will ierve to guide 
us in thefe perfuits, and to ennbl • us to \abie the preten- 
iioi;S (>f ])roje<^tors in th'* art of raifing water. He f nniJ. 
th<il th'’ mean ilreiigth of a man, wlr n :i >;>b“d to tlic b :1 
kijjd t)f pump that liad bi'eii in In'; tun * n ni '. amoimls lo 
no more than the railing of one hoglhead ofuater in a mi- 
note, to the Ij^dghl of ten feet. Mr. Sreeaton In* 

cn.ide a variety of iiiach'iies, and many ohfervMTfens of ih s 
kind, but never f nnul the value of men*', llrength at a 
iri'*diinn (puitc equal to wlia* is fet d<'wn b\ Defagn! ■ > 
uid:!.. they are fiqipolld to work .n iiaib (u Jifirtis for a 
tew minutes. 

^i*he improvements wbieh are deilrable in pnieps fora ihep’s 
afe, are, i(l, ti.at as Iiithe ])o\ver as poibliij IL uld be I dl 
in fridtion and reh It anee of th‘ water pa.'-ing ilirough tin: 
valves and pipts ; zdly, ihcvl no w. ter Iv loil b\ 1j*ka ;e, 
and that th** pump b: not Indde to eliok'- up by chips 
or other ex‘ raneou'. tiruters getting into tiu* ])iiiriU ; it 

Ihould not b.* obiig li to r iile Us water to u gr< ater heiglu 
than is ncceif'arv for it to run idl, rncuely, to ih ■ ]ond-'W..ter 
line of a fill]'* ; Lillly, tliat it fhould br fo 'adat>ted, that 
the united ellort". of a great icambtr of men can be aj)- 
]died, wilbowt any of tli rn \vorkin;r to a ddadvanlrny*. 
The pumps whicli are at pretent in id * in lie- navy are of 
two kinds, the ch.:ii).-}>iimp, ai cl the hand*pnir}> ; the chief 
dependence of pumping the Ihq?, in . u.-* p , beuig pku*ed 
upon the former, th * laMer b mg ufed in ordniery oecafions, 
to clear the hold from that trifling leakage wliii h would in- 
jure tlie cargo, though it puts the fhip m no da..g' r. 

Euglifli fhips of war carry four chaiw-pumps and three 
hand-pumps, all being fixed in the fame well, winch alio 
includes the main-malt. (See F/aies IV. and VI. ot Naval 
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Architedure.) One of the hand-pump, is called the wafll- 
p-ck pump, being uled to raifo water from a ciltern in the 
hold to the upper deck, for w^afhing the fhip ; but in emer- 

VTi/’/ chain. pump {Platt 

^*V. /7iy, S. ) IS no other than a long chain, A, with a fiiiH- 
cient nuinher of piltons, //, calh-d buckets or faucers, fixed 
upon it at proper diflanet s ; it j>;dle8 downwards through a 
wooden tube, B, and rigurns uj)aMrds, in the lame mnnner, 
on theothfT iid<‘, 1); the ends bring unitid tog-. tht.'r. 'J’lir 
chJe is extended over two wliccls, E and E, called fprocket 
wheels: one is placed over the tubes, Band D, of the pump, 
an . the oth t at the bottom, in the fpaee bi'lweea the two 
tubci, thiough which tlie ciiaiii alcentls and defeends. By 
tinning tlie upper whev 1, Is, the chain ot buckets is put in 
motion ; and the lowuT part of the wooden tube, in which 
tlir <‘hain afcemls, is lined with a brafs barrel, in which the 
faueers are litti'd. As they ari“ iontimially afeending in this 
lube, they raile a con il ant flre.am of water, which runs off 
from the top of the afeending trunk, and is carried by a 
trunk through the fhijj’s fide into tfie fea. 'Tfie pump is 
uorked by a trank, or winch, G, fixed on tlic axis of the 
iqiper vile el, \y hereon fe\cral nun may be employed at once ; 
and thus n difeharges, iv a limitid lime, a much greater ijuaii- 
tity of water tiiaii the common juunp, .iiid tiuit witli kfs in- 
convenience lo the lal)oiirers. 

The ciiain-pLimp now in ufe iu the im\ y is of a very im- 
])rovcd conilniction, compared with oi iginal chain-pumps. 
It was introiluced hy Mr. Coh , under the direi^iion of cap- 
tain Bentiiick. The chain of this machine is fimple, and 
not much exjmfed to darn.igi*. Ir is exa<!‘fly fimilar to that 
of the fire-engine, and appears to have been lirfl applied to 
the pump by Mr. Mylne, to exhaufl the water from the 
cadlons at Blaekfii.irs bridge. It lias tlieuee been tranf- 
ferred to the marine by captain Bentinck, after having re- 
ceived fonn* material additions to .uilwer that fervice. The 
links of til'* chain y. > are each fornu d of two long plates 
of iron, witli a holi* at each end, and fixed together by two 
l)f)ils, fervjiig as pins for tlu )oints. 'Flie buckets or 
faucers fixed upon it are two circular plates of brafs, jf, with 
a Ph‘ct of 1> .'ifti r hi t wi'rn tlum. Tlie fprocket wheels for 
the chain ar-: fnnned in the lame mannt*!* as the trundles 
i.IkI m mils by two iron wheels fixed at eight inches dif- 
tance upon the axl^, e.rul united by feveral round iron bolts, 
b'lming a reft lor the ehain ; and iti. links have hooks, which 
jre taken b) thefe bolls ; and thus the chum is fecured upon 
th'- wh". 1, lo prevent it IVnin jerking back, when charged 
with .1 column of water, 

'ri)i> pump was a gr^it improvement upon the old chain- 
punip* Lifcd <hip‘> Infoi vhirh the chain w^as of loo 

( anplicaled .• fal)ric, and the fprocket wheels ufed to work 
ii were dehcienT, in wanting fonie contrivance lo jirevent 
the eh.i ii fi'hm Hiding or jerking back upon the furface of 
the wl'«l, which freijueiitly hajijiened when the buckets 
were ch.u'ged will u confiderable \vi ight of water, or wlien 
the pump-, were violently worked. The links were too 
fhoi., ami the .iwkward manner in which they were con- 
ned, d f'Xpoltd llicrn to a gn at fridion in pafllng round the 
wh lI . : hence tlu y were fometimes aj)t to break, or burll 
afu.uk r, in very dangerous fituations, when it was cx- 
trenx'ly difficult or impradicable to repair the chain, Mr 
Cuk ’s pump is fo conilruded, that the chain may be eafily 
taken iijj and repaired, when liroken, or choaked with bal- 
lad ; and it difeharges a much greater quantity of water 
wiih an int^-nor luimber of men, as appears from a trial of 
tins machine with the old chain-pump aboard the Scaford 
frigate ; where it was found that its efteds, when compared 
with the latter, were as follows : the new pump with four 
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men raifed one ton of water in 43.^ fccords, while the old 
pump required feven men to ralfe the fame quantity cf water 
in 76 fecoiids. In this rxp'*nnu‘nt, the chain of the new 
pump was piirpofcly broken, and droppid into the well, 
and afterwards taken up and repaid* 'ci, a-.d fet to work 
aj^rain isi two minutes and a half : then ^he lower wfieel of 
the pump was taken up, to flu'w how readily it nugijt be 
cleared and refitted for a^Iion, after being choakrcl with 
faral or gravel, whicli could be performed in four or five 
minutes. Tliefe are advantages whieli, with a feaman, have 
a fuperior confideration to that of incrcafing the quantity 
of water which the machine wull raife, iinlcfs it was in a 
confidcrable degree; and indeed the very heft pumps wdll 
not raife a mucli greater proportion \vith tlie fame power. 
The only alteration which has been made on Mr. Cole’s 
pump, fiiicc its lirft introdiuhlion near 30 years ago, is that 
they now omit the lower (procket wheel altogether, the 
afceiiding and defeending pipe's being lo united by a curved 
metal tube, that the chain paftes better than if a whiel was 
ufed. The cranks are made to take otT, and apply when 
wanted, that they may not lie in the way : they an* long 
enough for 30 men to work at once. Of late it has been 
pronofed to add fly-wheels to them : this would be attended 
with but flight advantage, and feveral inconveniences, from 
occupying- that room where the men Ihould Hand to work, 
it being an objei^f to employ as many as poflible ; but if they 
arc crowded, they only incommode each other, inlleud of 
aififting. 

Hand-pumps for Ihips, are thofe winch atf with a barrel 
and bucket, worked by a lever or brake. Thofe in common 
life arc fucking-pumps, made in tlie rudeft manner, with a 
wooden bucket and valves; but fevtral improved conftruc- 
tions have been propoied, and are now adopted in the navy. 
Mr. Cole made great numbers of hand-pumps, which had 
brafs chambers, or barrels, fitted into the wood where the 
bucket worked. Tlie valves were made of brafs, and htted 
into a conical feat, and a door was provided in the lower 
part of the pump, to give accefs to the lower valve when 
requifitc ; it was clofcd by a hoop furrounding the pump, 
and wedged tight. The brake, or lever of the pump, had 
a crofs handle at the end, of fufficicnt length to allow feve- 
ral men to work together, and on oecafioii ollu r men could 
apply their llrcngth, by ftanding on the deck below, and 
having a rope defeending through the upper deck from the 
end of the brake. 

Mr. Smeaton, In 1765, invented a hand-pump for the 
fea fervicc, in which, bclidcs the advantage that lie cxpedled 
to obtain from better mcchanifm and proportion of the parts, 
he had the following objedfs in view. The common ftiip’s 
pump, in general, delivers its water upon the main deck, 
which, according to the fixe and conftrudfion of the fhip, is 
four, five, or fix feet above the furface of the fea, or load- 
water line, at the fame time that this line is not above from 
14 to 18 feet above the (hip’s bottom ; it therefore appears 
that the ordinary pumps lift the water from to {th 
higher than the, level at which the water might be delivered, 
gind thereby require -^d or ^th more power to do the fame 
work, or with the fame power they do lefs work than they 
might do by 4d or 4th, in cafe the water was delivered 
at or juli above the water line. For this purpofe he ufed 
wooden trunks or pipes, proceeding horizontally from the 
upright trunk of the pump, to carry off the water through 
the (hip’s fide, being fitted at the other ends into boxes, or 
fliort wooden tubes, let in through the (hip’s fide, and caulked 
)uft above the load-water line. Thefe fide pipes were clofely 
jointed with the boxes in the (hip’s fide at one end, and at the 
other end into ilrong planks, which were bolted againil the 


PUMP 

fides of the pump, in order that the fide pipes might be got 
out and in without difturbing the wiiich was a fnek- 

ing-pump, with its bucket worked by a Jrver or brake, u,.on 
the di ck over the pump. From the top c f tfie pum 5 a 
ftand pipe was carried up to the mam deck, or as high as 
was tiuiught neceflary, to prevent the \\ater reverting and 
runuiug back into the fhip over the top of the pump, when 
tlv' fea role above the orifices of the fide pipe, or when, from 
the fhip being iii diilrefs, they were under her load-water line. 
By tins, even when both boxes and pipe*' were wholly under 
water, it would no ways interrupt the a^lion of the pump, 
for whenever the water in the fland pipe rofe above the level 
of the water without, the preffure of the column in the 
Itand pipe would caufe it to make its way through the fide 
pipes, fo that in this cafe no level was loft, and though the 
pump was at reft no water could revert down the pump, bc- 
caufe there were the valves of both bucket and fixed box or 
clack which prevented it. The working barrel was of brafs, 
and very truly bored, the bucket and fixed box beijig of the 
fame conftru 61 ion as thofe ufed in the fleam-engines, and thi; 
pump rod was made of greater hulk than was necefl'ary. 
merely for ftrength, but by way of weight, that when the 
brake wai lifted up, the pump rod fhould readily defeend 
by its own weight. The brake of the pomp liad a braneli 
fixed on, ratln r obliquely at each fide, lo as to fviim threi 
handles, for four im*n to w-ork at once ; they flood one on 
each llde tlie middle (lem of the brake, and one on the oiit- 
fide of each of the branclies, and every quarter of an hour 
they could relieve themfi lves by chaugiiig hands, which '-v a • 
done by changing places. They wTre intended to make no 
more than 25 (Irokcs per minute, moving the pump i ocl 17; 
inches, up and down, at each flrokc, the barrel biiug.i ufue- 
incli bore ; this wxas mucli better tlian making fliortcr ftrok* .. 
and quicker, a.? they ufually do. Their hau(l» nu>ved up 
and down about four feet fix inches, and by working with 
this ftroke at a moderate rate, fo as to hold it an Inuir, four 
men would in that time deliver 20 tons at a heiglit of 22 feet. 
This was upon a fuppofitiou of raifing tlie water to the 
ufual height, but when by llie application of the maxim 
before defenbed, this perpendicular was Ihortcned to 16 or 
17 feet, then nearly the fame delivery^ could be made by tliree 
men, or proportiouably more by' four men, that is, as 
1 7 ; 22 20 : 26 tons at 17 feet. The fool of the pump 

w'as let through the fliip’s inner planking or ceiling, betwixt 
two of the floor limbers, and did not touch the bottom or 
outfide planking, within 2^ inches, the lower end being 
rounded withinfidc like a trumpet mouth, it being ii bad 
plan to have the pump ftanding upon its lower extremity, 
with holes bored lo let in the water, as it is thus very liable 
to be choaked by dirt. A plank of the ceiling was made 
to lift up near the pump’s foot, iJiat a m.in could ocCcafion- 
ally get in his arm, to clear away any chipti, land, dirt, or 
other matter, that fhould happen to be drawn thither. 

Mr. Noble has furniftied a great number of hand-pumps 
for the navy, which have two buckets, working one below 
the other in the fame barrel ; they rife and fall alternately, 
fo as to produce a conftant ftream, like the chain-pump. 
This is cftcdled by cuufing the rod for the lower of the 
tw'o buckets to pafs down through the upper bucket in a 
collar of leathers ; the rods of the two buckets are united 
to the brake or lever, upon oppofite fides of its centre or 
fulcrum, fo that the defeent of one produces the elevation 
of the other^ thus one is always raifing a ftream of water, 
whilft the other is defeending for a frefh fupply. Such a 
pump requires no lower valve, unlefs by way of precaution, 
in cafe either bucket fhould fail, in which ca(e it would 
become a fingle pump. The idea is ingenious ; but the 
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complication ot the {luflin|ir»box in the upper bucket pre- 
vents them being readily taken out, if the pump choaks 
up, as all lhip«* pumps are liable to do from chi])8 or lofjfe 
ballalt ; and hence it has never been in favour with the 
feumen, although it a6fs very well wlien in order. 

The ingenious Benjamin Martin invented a fliiji’s pump with 
two barrels drawing from one fu6tion-pump, lu as to raife 
a condant flream. This has fo much merit, tliat we have 
given a fedtion of it in P/j/t- XV. 9. Here A is 
the fudlion pipe, c^‘)ndu6\ing the water from the fhip^s hold 
up to the pump, where it is enlarged, to communicate 
with both barrels D, D, through the valves C, C, in the 
bottom ; E, E, are the piltons of the barrels, with double 
valves iif them ; they are not, like other pidons, fitted to 
Hide in the barrels, luit are limply brafs rings, in which llie 
valves arc fitted, and being fmaller than the hiirrels, have 
large circular pieces ot leather fixed on tliern, tlie ontfide 
edges of which are attaclied to the infidch of the pump 
barrels ; hence wdien the pillons are mt ved up and down, 
the leather folds fulficieiitly to ad!nit the nuAion, as is 
Ihevvn in the ligiire ; but being dole all round, thef* jjilloi.s 
can have no leakage or liidiion, and only a finall relutance 
from the dllFnefs of the leather. To fadeji the edg-'s of the 
leatluT piilon tti llu* barrels, they are made in two lengths, 
an upper and a lower, and the leather is intrdduccd in the 
joint betw'ceii th.'m, being iiehl fall, and the pump kept 
together by bars, I, J, fix 'd c>vcr tlic barrels, and bolts to 
prefs the upper length of the barrels down upon the lower. 
Both the barrels are tndiided w'ithni a ho\ or cilb rn, B B, 
fixed upon the Hiip’s d. ck, with trunks J^, E, w'hicli 
carry oil the water as it runs over tlic tops of the barrals 
into the cillern. The pump is wc^rked liy (he pillon-rods, 
H, H, being united by chains to a wdieel K, tin* axle of 
■winch ivS fupported by llandards from the fides of the cillern 
B B, and is put in motion by tlu' double lever M, at the 
ends of vvliidi crofs handles are fiAed f(»r fcveral men to 
w'ork at once. Mr. Murtiids pump acts extremely well ; 
the conllant iireain raifed l)y the alternate adlion of the 
two barrels u])on one pipe produces an advantage that was 
Hiewn by exp' riment, for llie water rot oidy riles while the 
piflon rifes, but coutinurs to do fo iveu after the piflon 
begins to defeend ; and therefore lie- pump w^as found to 
deliver more wattT than was I'xpet^led from calculation of 
the contents of the barrel and the number of llrokes 
made. 

To account for this, it muR be confidcred that as this 
pump has both its large piRons wmrking ( jlteruately afeend- 
ing and defctuding), at the (ame tin\L' tle n* muR be pro- 
duced a conRanl rifing column of w^ater in the pipe, whofe 
velocity through a bore of five inch s, to lnpj>ly llie 
barrels of twelve inches diameter each, uiuR be fo great, that 
it cannot be checked or Rojiped at once, or upon the firR 
defeent of the piRou ; and therefore a furpliis of wal'T is 
produced. NotwithRanding thefc advantages of Mr. Mar- 
tin’s pump, it has obje<ftions which are Icilous obttacles to 
its life on board (hips, though in other fituatio.is it is a 
gpod machine ; thefc are the (hortiieis of its Rrok*', which 
renders.it very fatiguing for men U> wurk for a Ion >, tine* ; 
but another more fenous obj‘*dfion is, tiiat the katlurs would, 
in general, remain dry, and thus become liabl-.,* to l ardou and 
grow Riff, fo a*sio break into holes when ufed at firR, before 
they become foaked, and to fill the ciReru RrR wMth water 
would be very troublefome. 

Mr. Robert Clarke, of Sunderland, has propofed an im- 
provement in the mode of applying men’s force to pumping, 
■which is worthy the coufideraiion of feainen. It is to change 
the pofture of Rauding to fitting, and making the adiion the 
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f^ne as that of rowing, which, befides that it is by philofo- 
jmer^ confidercd as the moJl eflicacious application of a 
man s force, is to leamcn moR paclicularly fo from their ha- 
bitual ])radiice of it. He objetla lo the ordinary a^’tfon of 
pumping with a brake, as the poRiire is weak, and requires 
much force lo prelerve it. It opprefl’es the man liy over- 
llreleliing his loms on one hdi', and incommodes, rcfpiratioii, 
hy the H' xiirc of the body on the other lidc. Too much 
motion of the llunilder-joint is required, as the miircles which 
on the arm-hone at the, joint are dkfproportionate lo the 
effort they muR inpke, when the arm vihrab'S on the 
fliouldor-joiiit ab a centre, for tlie force to be coinmiimcalid 
by the liaud. Befuks thir., the arms thcmlelves are at one 
inllaiit enfeebled, hy being- thrown .diovc tlie head, and - 
quiring a pull, and the next inRant rcijuire a pufliiiig eilort, 
vyhich changes of direction in llie exertion and fiiRaim'iig 
forcv*, ar*‘ too eoMtiiiual and r.q)id for long continuance; m 
Randing, the bodv is a continued dead weight upon the legs. 

The adijji of rowing is jiowerful lo a iurprihug degree, 
and fo well adapted to j man’s cafe, that he can continue it 
a greater length of time without fatigue, tlrau any other 
nw)de of exertion ; for though the motion is barge, it is made 
up of eafy motion:; m fevtuMl joints ; the velocity and refill- 
aiice of which fiiit the mule les employed. Very little fuf- 
taming* force is required, for tlie luidy is fupported, and 
n turns unloaded to its charge : the breathing is free. Tlie 
iriaimer of c.inymg this into cfi' cH is very llmple, the lever 
or brake being bent at right angles at a centre pin, fo that 
K hangs Rraight down when it i-; at rcR, inllead of being 
horizontal; tlici*! to the h'wer cxlrirnity a rod is jointed, 
wliich is carried rather in an inclined direftion upwards lo 
the f'am n, who is featv'd hefort' tie* pump with a rcR for 
his feet, d'he rod has a trols handle, to hold by both 
hands, and m fon.e caf,s it may be made long enough for 
two nvn to fit fide by tide ujion the fame feat ; and by 
drawing and pii filing it, in the mannei as rowdng, the 
perpendic idar lever is caul' d to mI/Im''*, and the horizontal 
arm, or beiuli-d ]>arl, which fiiljiends the pump f]n‘ar, par- 
tak(S <jf th*’ motion funieiently fe-r pumping. 

'rile hilt I* Improvements in fiaiubpu.nps, are by Capt. 
.lekyl, R. N. This gentleman has imented an addition to 
the juimp of an air-veflel, and lluRii.g-box for the rod to 
pafs throiud), by which it will raifc the water to a greater 
height than the head of tlv' pump, and a hole being at- 
tached to the pump fpout, by very fimple means, the water 
is conveyed to any defired part of the fliip, and thrown m 
a jet through a iiofe pipe* with groat force, to cxlinguifK 
fire, if fuch a calamity fliould befall a fliip, and thus the pump 
is rendered t)f twofold fervice. The idea of converting the 
pump to a fire-engine is not now, having been attempted in 
many different ways by forcing-pumps, but thefe having 
pipes prorvvding front the lower part of the barrels and 
valves, which arc not very acceflible, are always liable to 
choke up by obflnidtions, and have not fiiccecded in general 
ufe. 'rhe air-vcffel has always been in the way, if made of 
a fuRicient fize, to anfwcr the purpofe of cquaiifing the 
Rream. Capt. Jekyll has obviated thefe objeclions, and, with- 
out altering the material parts of the haiid-pump, has ren- 
dered it ii'> comph'te a tiro-engine as can be wlfkod. ’Fnis is 
explain, d by /ijf, J. PA/r XV. which is a fe^bon of the 
pump tlirough iLs whole length. A B C is the iron brake or 
lever to work it ; it is branched at the extreme end, and 
has a w'ooderi pole, C, fixed in Jt, for fiweral men to liold at 
once; D is the iron flaimchiori or fulcrum of the brake ; it 
is fixed to the pump Itcad by mea,iS of Rrong iron hoops at 
E E and y F, which at the fame ti ne Rrongthin the work 
of the pump. The centre pm is to be at a height of two 



254 . ^ 

feet iix inches above the fhip*8 deck. H arc the flings of the 
pump, united by a forelock or pin to the end of the brake, 
and fufpending thopump fpear I, by means of the joint-piece^. 

I K is the pump fpear, made of copper in the upper part, 1 , 
and the lower length, K, of iron ; the latter has the bucket, 
M, attached to it. The valve of the bucket is made in a very 
Ample and effedive manner, the valve being merely a round 
plate of brafs, with a hole through the centre, to receive the 
rod, upon which it rifes and falls, and covers the aperture in 
the bucket. The bucket is a ring of brafs, with a crofs-bar 
to fix the rod in ; it is madt- in two thickneli’es, one above the 
other, and a cup of leather is held in between them, pro- 
je6fing all round the upper part of the bucket, and turning 
up, to make a tight fitting in the barrel. The two rings of 
the bucket arc held together by the pifton-rod pafllng 
through both, and a crofs-wedge beneath. L is the brais 
chamber in which the bucket works ; it is wdl fitted into 
the wood of the pump-tree, fo that the water cannot leak 
by it, and is bored fmoolh withinfide. N is the low^er box, 
fitted into the lower part of the pump-tree, beneath the 
chamber ; it has a groove round it, into which oakum is placed, 
and when it is put down, makes a tight joint : its valve is of 
the fame conftrudion as that of the bucket, with the addi- 
tion of a ring or eye on the lop of the pin, on which the 
valve rifes ana falls. By this eye the box can be drawm up 
when it needs repair, by firfl drawing up the bucket of the 
pump, and putting an iron hook down into this eye. OOP 
is the air-veflcl ; this is a cylinder of fhcct copper, foldercd 
to a cover of brafs ; within the centre of it is a tube, 
likewife foldered to the cover, through which the copper 
pump fpear paffes, and is fitted round at top with a collar 
of leather and ftufling. To prevent the efcape of the water, 
it is packed with hemp, and two rings of leather. R fhew’s 
the place of two iron bars, fitted througli the head of the 
pump, and confining the cover, O O, of the air-veffel ; 
they are faftenecl by the wedges d ; it is by thefe only that 
the air-veffel is held down : a circle of leather is firft put 
round the air-veffel, juft beneath its lid, and this being preffed 
upon the recefs in the wood, makes the joint tight. T is 
the pump no/.7.1e, which delivers the water. When it is ufed 
as a fire-engine, a hofe is fixed on by its link-joints, and keys or 
wedges : the nozzle is fixed to the pump by four fcrcw-bolts 
going through the thicknefs of the pump, and it is fixed is 
iuch a direction as will moft conveniently lead to a receiver, 
hi , which unitcfi the hofes from all three of the (hip’s pumps. 

3. is the link-joint of the hofe, T reprefenting the 
pump-fpout made of caft iron, and ferewed to the pump- 
tree ; r r IS the collar or focket, made of brafs, with the 


PUMP 

united with each of the pumps by a link-joint, like Jig. 5, 
at one end, and with three necks, i, ky /, of a receiver, 
Jig. 2, by fimilar joints at the other, brings all the water into 
one, and a hofe being joined by a link-joint, /, to the oppo- 
fite end of the receiver, conveys the whole water to any part 
of the (hip. The receiver has the three nozzles, /, hy ly al 
one end made in a divergent direction, agreeable to the direc- 
tions in which the hofes came from the tnree different pumps, 
and a valve is placed withinfide, before each nofe, to open 
inwards, in order that the receiver majr be ufed for one or 
two pumps, whilft the others are repairing, or getting ready, 
or that if any of the hofes burft, the water may not efcape 
from the receiver at that nozzle. There are two handles 
fixed to the receiver, to lift and carry it, as it is to be move- 
able, and when in ufc, is propofed to be laid on the grating 
of the main hatchway, as the moft central fituation, from 
which the hofe may be carried in any direClion. Z is a branch 
pipe, or jet, ferewed at the end of the great hofe, ^ ; and 
it alfo unferews at the extreme end, to fit on jets of different 
bores, in the fame manner as all other fire-engines. In 
working, the preflure of the water condenfes the air con- 
tained in the receiver, OOP, into a fin all fpacc, and its re- 
aiftion to refume its former bulk equalizes the efflux of 
water from the nozzle of the pump. 

In fume experiments which we have witneffed upon this 
pump, it performed as well as could be defired, a Angle 
pump forming a very effeClive engine ; but when the three 
were combined, it was fuperior in force to any we have ever 
feen, and would throw a ftream, of an inch in diameter, 
over the main-top-maft head of a 74-gun fhip, Befides, the 
length of the handle, C, admitting Icveral men to work at 
once, an acceflion of force is gained by a rope, «, made faft 
to the brake A B, and conduced through a fingle block, 
hooked to the deck at w, and thence along the flup’s deck. 
At this any number of men may be applied very advan- 
tageoufly, to produce the firoke, leaving thofc at the han- 
dle only to return it by lifting the handle. If the fhip 
proves leaky, and the ftuffing-box is thought to be an ob- 
ftrudlion to the working of the pump, the air-veffel may be 
taken out, by drawing the wedges dy and taking out the 
bars R, which confine it ; then after taking out the key 
which connefts the joint -piece, g, with the copper rod, alfo 
removing the brake, lift out the air-veffel by the two ferews 
of the ftuffing-box, and fix on the joint piece again, but fix 
the ^uide-eye, H, in the lowed pair of holes, \o that it will 
receive the top of the copper rod, and prevent the pump 
fpear having any play in the flings. In this ftate it adle as a 
common hand-purnp, but the air-veffel can be reftored to its 


hofe X bound upon it : this has two trunnions, on which a 
link, fy is fitted, one on each fide ; thefe links pafs tlirough 
grooves, in the caft -iron piece T, and a key gy put down 
through the link behind it, draws the joint tight, without 
any fcrewiug or further trouble. The focket, e r, is fitted into 
the nozzle, and has a leather ring to make it tight. The 
outfide of the pump is to be hooped at every three feet, to 
prevent it frombiirfting by the preffure of tne water. The 
difpofition of thetlirec hand- pumps in a (hip’s well, renders 
their connedliou with a common receiver very convenient to 
bring all the water into one ftream, which will then be very 
powerful, and more capable of extinguifhing a fire than any 
moveable engine. Two hand-pumps are always placed on 
thellarboard fide of the main-maft, in the well, and one of 
them being the ciftt rn pump ufed fur wafhing decks, its foot 
ftands in a fmall ciftern fixed upon the flop of the main- 
maft, and fupplied with water by a pipe through the (hip’s 
fide, with a cock to admit it at plcafure ; there is one pump 
on the larboard fide of the malt, three feparate hofes being 


place, and be ready for work in two minutes. To prevent 
any of the work being neglected from carclcffnefs, the in- 
ventor propofes that one of the pumps (hall be always ufed 
to wafh the fhip by the hofe and jet in the morning, which 
it would do much more effedtively than by the prefent mode 
of raifing the water into buckets ; and the force with 
which the jet of water is thrown would very completely 
wafh into every recefs of the gun carriages, and other 
places, where a brufh cannot reach ; while, by this conftant 
cxcrcife the pumps would always be ready at a moment’s 
notice on an alarm of fire. 

Pump, y/ir, in Pneumatiesy is a machine, by means of 
which the air is emptied out of vcffels, and a fort of vacuum 
produced in them. For the invention, ftrudlure, and ufe of 
this pump, fee ^iRpump; and for Smeaton’s improved 
gage, fee Gage. 

Pumps, Barey are fmall ones made of cane, or a piece 
of wood bored through, ufed in lieu of cocks, &c. to pump 
beer or water out of the cafks. 
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Ci/ierns, cillorns wood fixed over tKe heads of 



Pyrites 


PYRITES, Sulfure metallique^ in Mineralogy and Che^ 
mi/lry^ a name given to certain ores which contain a large 
quantity of ful^iur, and have a metallic luitre. The Greek 


vrord formed of rvp^Jiret denotes fire-flone ; a denomi- 

nation given to this fubftance on account of its inflamma- 
bility. For the mineralogical charafters of copper pyrites, 
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and iron pyrites, fee Copper Ore^ and Iron Ore. 

Belidcs thefe there are arfenical pyrites, auriferous pyrites, 
and tin pyrites. Combinations of fulphur with the metals 
are called by chcmifts fulphiirets ; and the different kinds of 
pyrites are properly metallic fulphurets. Sulphur has a great 
ahinity for iron, and in combination with this metal, under 
the form of pyrites, exlfts in extenfivc beds in primary 
mountains, or is dilfcminated through the fecondary rocks 
and (Irata, in veins and maffes, or varioiifly cryftallized : it 
occurs alfo in beds of coal and bituminous clay. Iron pyrites 
may be confidered, after the earths, as one of the moll 
abundant fubllanccs in the mineral kingdom, forming a con- 
flituent part of the globe, and by its decompofition giving 
rife to many important fubtcrrancan phenomena. 

The proportions of iron and fulphur in the different fub- 
fpecies of iron pyrites enumerated by mineralogies are, 

52 to 54 Sulphur 
48 to 56 Iron. 

Magnetic pyrites differs from common pyrites : its con- 
ilituent parts, according to Mr. Hatchett, are, 

36.50 Sulphur 

63.50 Iron. 

By the application of heat common pyrites becomes fuf- 
ceptible of attra<ilion by the magnet ; the excefs of fulphur 
being expelled. Iron pyrites is not worked as an ore of 
iron, but is principally valued for the green vitriol or fiil- 
phate of iron, which it affords wh'^n expofed to air and 
moiflure. Sulphur may alfo ht obtained from pyrites when 
heated with charcoal. 

The decompofition of pyrites is effe£lcd fpoiitaiieoufly by 
the abiorption of oxygen from water and the atinofphere, 
which converts the fulpluir into fulphuric acid, and the iron 
into an oxyd. Thefe fubllances unite during the procefs, 
and form the fulphatc of iron, or green vitriol. 

Some kinds of pyrites are rapidly decompofed, others 
require to have part of the fulphur expelled by heat* Tlie 
pyrites, or pyritous fiibll ance intended to fonn vitriol, is col- 
Icdled in extenfive heaps, Ijircading the furface as much as 
can be conveniently done. The ground on which thefe heaps 
are fpread fhould be impervious to water, and inclitted, in 
order that the fahne matti-r which effforefees may be wafhed 
off, and conveyed into rcferv^.Irs to cryflallize. As the de- 
eoTTipofilion proceeds the maU becomes heated, and is occa- 
lioiiaily moiliened, particularly when the air is dry and warm. 
Tln fe b**ds continue produdlivc for many years, and if the 
pynt be pure, but little refiduum is left. An excefs oi 
riilphuric acid in formed during the procefs, on which account 
a qua ';ty of old iron is added to the lolution, to faturale 
it, and obtain the fait in a cryftallized ftatc. During the 
decompofition of pyrites much heat is evolved, and a coiiG- 
derable abforption of oxygen fromthe atmofphere takes place. 
The fatl was firfl obfervedby lienckcl, who affirmed, in his 
“ Pyritologia,” that air was neceffary to the procefs of vitri- 
oli/.ation, and that it enters into combination with pyrites 
and remains fixed in it : “ non ut inllrumeiitum traniiens led 

immaiicris.’* This may be confidered as a happy anticip^ioii 

of one of the moil important doOflrines of modern chemiftry. 
Some geologills have lui.pofed that lubterranean fires, and 
the tempf^racure of hot firings, are occafioned by the fpon- 
tancous decompofition ot iminenfe beds of pyrites in the in- 
terior of the earth, and an experiment made by Lemcry 
gives foinc plaufibility to tliis opinion. He found that a 
mixture of iron filings and fulphur, moiftened with a fmall 
quantity of water, becomes hot in a few hours, the mats 
melis, and the parts adhere together ; it then breaks with a 
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perceptible noife and crackling, and omits aqueous vapour, 
.ind a fetid odour like that of fulpurated hydrogen gas. If 
the mixture be made in a large quantity, it takes fire in 
twenty-four or thirty hours. As foon as the emifliou of 
aqueous vapour has ceafed, the heat beconu's greater und 
greater, is fucceeded by inflammation, the fmell is then much 
llronger, and appears to arife from the hydrogen produced by 
the decompofition of water. Beaume, who obferved this 
phenomenon from a mixture of one hundred pounds of iron 
filings, with an equal quantity of fulphur in jiowder, Hates 
that the flames rofe to a foot in height, but did not continue 
longer than two or tliree minutes ; the mafs, however, re- 
mained red-hot for forty hours. Dernery the elder gave to 
this experiment the name of the artificial volcano. 

Dr. Watfon, in his Chemical Effays, vol, i. p. 187, fays 
that he has repeated this ex])eriment more than once. When 
made in the open air the flame is of fliort duration, and the 
whole mafs, after the extinftion of the flame, continues at inter- 
vals to throw out fparks. A ladle full of th® ignited mafs 
being dropped down from a conliderable height, defeended 
like a Ihower of red-hot allies. The fuccefs of this expe- 
riment di pends on a due proportion of water. Half a pound 
of flower of fulphur, with half a p^iiudof clean iron filings, 
mixed witli fourteen oimccs of water, and worked into a 
palle, will acquire heat enough to make the mafs take 
lire. 

Some dark-colourcd carbonaceous and bituminouR earths 
contain pyrites in minute grains, and decompofe with great 
rapidity when expofed to rnoilliire. 1 n the month of Augufl 
1751, the cliffs near Channoiith, in Dorletfhire, containing 
a fimilar kind of pyritous earth, took fire in confecpjcncc* 
of a heavy fall of rain after a liot dry feafon, and con- 
tinued at intervals to emit flame for fi veral years. Almofl 
all kinds of pit-coal in England contain more or lefs py- 
rites: in lornr the (juant ity is very iiiconfid rable, in other 
kinds it abounds fomucli as to rend: rthem unlit for domcftic 
purpofes, and totally iiiapphc.ible for forges or iron works, 
on account of tlie liilphiir which tliey emit vvlien buriK'd. 
This pyritous coal may be diflinjoiiflu'd by its greater fpe- 
cific gravity, and the brafs-like uutalhc appearance of tfie 
pyrites with wliich it is intermixed, l^yritous coal and 
coal fhale, or bitiirninoiis clay, coiUainn.g pyrites, frequently 
lake fire fpontaneoijfly in t oal mines, or when expofed in 
heaps out of the pits, and conlinne burning many years, 
Inllaac^s of this kind now exifl in the north of England ; 
and fo intenfe is the heal produced by the ignition of thefe 
mafles, that the coal fhale is fometimes fufed. We havefeen 
fpecimcns from ihele lieajis which h'ave all the charadlers of 
cellular volcanic lava. In the vicinity of Deeds there is a 
large lieap of coal fhale which has been on fire near half a cen- 
tury ; it IS covered in parts with vegetation, and prefents no 
appearance of ignition din ing the day ; but if a dry flick be 
thrufl into it the furface is changed in a few minutes. In 
fome of the coal mines in Leiceilerfhire, near Afhby dc la 
Zouch, the Itralum of indurated clay over the main bed of 
coal contains fo much pyritous matter, and is fu fubjedl to 
fpontaueoiis inflammation when it falls down and is intermixed 
with fraall coal and moiflure, that the miners aie obliged to 
clofe up the fpace with brick-clay where the coal has 
been worked, to prevent the accefs of air to the com- 
buflible matt'^r. In this ftatc, excluded from the air, the 
pyntous earth fometimes becomes igniti d, as is evident by 
the heat communicated to the neighbouring parts of the 
mine ; but the fire is prevented from fpi eadmg among the 
coal, by the precautionary meafure of cloflng the cavities 
with clay. 

The 1 great heat evolved during the decompofition of 
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pyrites, may proceed in part from the combination of oxygen 
with the fulphur and iron, and may be increafed by the 
diflerent capacity of the new compound for heat. When- 
ever chemical changes take place rapidly, they produce a 
change in the temperature of fubftanccs, as in the well- 
Lnown ifdUncei; of lime and water, nitric acid and vegeta- 
ble oils, &C. 

The plienomena accompanying the mud volcpnoes in 
various parts of the world, prefent many apiiearunces which 
give probability to the opinion, that they proceed from the 
decompofition of pyritic llrata. See Vulca.vo. 

The formation ot alum is alfo efFe6ted naturally, in mau) 
fit nations, by the dcctimpofition of pyrites, the fulphuric 
acid combining with tlic alumine of pyritous clay. Tlus.is 
not unfrcquontly the cafe in excavations of coal miner, that 
have been long worked out. 

At Harriet, ntar Glafgow, in the excavations of an old 
coal mine that has been worked fome centuries, there is a 
very extenhve formation of alum, from the decompofition of 
the roof of the pit. It is a pyritous clay ten inches thic!:. 
In the old workings of the mine which arv dry the air cir- 
culates llowly, and the roof gradually docompofes and ex- 
ioliates, and f<dls upon the floor, in which fituation the decom- 
pofition proceeds, and the fubllauce afTiimcs the appearance 
of a fpicular efflorefcence. In time the whole fpace to the“ 
roof is tilled ; it is then removed. The mafs confdls of earth 
richly impregnated with lulphate of alumine, fulphate of 
iron, and in fome inftances with fulphate of magnefia. The 
coal in this mine, contrary to the ufual pradlce, is worked 
to the dip, iu that the old workings are always dry. To this 
circumllanc.' may principally be attributed the great accu- 
mulation ot alum in tliis mine. In many of tlie mines in Eng- 
land a fimil.ir lormation of alum would take place, but they 
contain too much w’aier to permit the falme lubllauces to re- 
main. In general, alum rock or alum lhale require to lie 
expofed in heaps, and bunud in tlie open air, to expel the 
fulphur, and combine it w*ith the oxygen from the atmofphere. 
The fulphuric acid thus formed unites with a reqiiifite portion 
of the clay during tlu procefs. 

The gypfum, or the iulpiutc of lime which occurs in beds, 
among lecondary II rata of red fanddloncand beds of marie, 
probably may owe its prefent flate to maffes of pyrites, which 
have exillcd over common lime-ltonc, and been decompofed 
naturally. The fulphuric acid thus produced would unite 
with the lime, and form gypfum. The great quantiiy of the 
red oxyd of iron which is in the ftone and marie that ac- 
company this kind of gypfum, gives much probability to 
tliis opinion. The cryftals of gypfum or fcleuitc found de- 
tached in beds of clay had probably a fimilar origin. 

Sulphuret of iron may be formed by heating togellur iron 
Clings and fulphur. From the experiments of Vauqueliii it is 
proved that there are four fulphurets of iron, according to 
the degree of heat and other circumftances under which the 
•x)mbinaiion may be formed. The firll fulphuret confilis of 


1 Artificial. 

22 SulphurJ 

The fecorid fulphuret, of 

36 LTphur j 

The third fulpliuret, of 

The fourth fulphuret, of 
33 Sdphur} 

When the quantity of fulphur does not exceed /{O per cent, 
pyrites is foluble in muriatic acid, and may be rendered per- 
manently magnetic. The fpecific gravity of common pyrites 

from i!|.6o to Of magnetic pyrites 4.51. 

Arfcnical pyrites, called marcafite, is diftinguiflKd from iron 
pyrite s by its colour, wduch Vi afilver white, and by yielding a 
fnicll like garlic when rubbed or expofed to heat. See 
ARM/’tf Om, 

yiurdcruus pyrites, 01 iron pyrites, with a fmall alloy of 
gold : the riclvll fpecimem, of this ore iu Europe are found 
in ^VJllfyl^^nia, containing from o.02 to 0.03 of gid. 
Th'.dc ores arc diflmguifbed from iron and copper pyrites 
by their colour, malleability, and fpecific gravity. 

'I’in pyrites. See Tin 0n\ 

Ihe pyritai, in fubItancL’, are never ufed medicinally; 
nev rthelefs, in their produ^s tlu'y are very important, 
J'k'om tlr*fe common fulphur is extrafti^d, 111 Sweden and 
Saxoii) ; the native vitriols are produced in caverns of the 
ciTth, or on its lurface ; the greateR quantities of artificial 
vitriol are prepared ; and the mineral waters, vitriolic, alu- 
niiaous, fulphureous, hot or cold, are fuppofed to receive 
their impregnation. 

When the matter of the pyrites is mixed with the lead 
ores, the method of feparating the metal by affaying is this : 
roaft two centners of the ore, as in the ufual method, and 
keep a ftronger fire than when the ore is pure. The pyrites, 
efpccially wdien it is merely iron, hinders ore from cafily 
growing clammy or turning into large lumps, or entirely 
melting. When the ore is fufficiently wafhed, let it cool, 
beat it to jjowder, and repeat the roafting to a third fire, 
till w'hen it is red-hot in the fire, there is no fmell of fulphur ; 
then mix the ore witli fix centners of the black flux, and two 
of fandiver, and fiiiifh the work in the common way, only 
making the fire greater, and continuing it longer, toward 
the end of the operation. Cramer’s Art of A flaying, p. 292. 
See Lead Ore, 

Pyrites is applied by fome authors to the marcafite ore* 
of all metals ; the names of which are varied according to 
the metals they partake of. 

Tlius chryjitis is that of gold ; argyriiis that of filver ; 
fidmtis tliat of iron ; chcilcitis tliat of cupper ; and molyUitis 
that of l(’ad, &c. 
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QUARRY, '\n Agriculture^ tlie cuimnon name of an 
opening, pit, drift, or fhaft, which is dug into tl»c earth or 
roiuicl, and from which are to be railed ores of various 
inds, different forts of Hones, flatrs, and other materials 
of fmiilar natures. It is remarked by the v\riter of the 
work on “ Landed Property,'’ that the more ufeful and ad- 
vantageous materials and fubllances that have at different 
times been dug and raifed out of quarries in this country, 
are chiefly thofe of the iron ore kind, lime-flone, and other 
calcareous matters, materials for building, fuch as Hates, 
flags, Hones, and fubHaiiccs of other forts, matters for the 
coiiHrudling and repairing of roads, as fand, gravel, and 
others of the fame nature, eartliy fubHanccs fur the purpofes 
of differimt manufactures, fiich as clays, &c. moulds and 
vegetable earthy matters, and coaLs, with other articles for 
ufe as fuel. There arc, however, occafionally railed from 
openings of this nature, a few other kinds of iubflanccs. 


fucli as will be notic'cd below. 

It h i'. b^'en farllicr I'uj^pofed by the above u fit er, that the 
fubllames wliieli he has here mentioned, may witli truth be 
f.iid to be of more real ufe and wilue to mankind liianallthe 
mines of preeiuiis melals in the world ; and that the evot* 
of the manago s of landed cllates Hiould coiiHanlly be turnrd 
ttiwards and fixed ujion the difeovery of the hidden valuable 
treafures and productions of this nature, wherever there ib a 
probability or likeliliood of their being to be met with. It 
i> alio fuggelted, that it would be highly beneficial and ad- 
vantageous if minerulogiits, and thofe who are acvjiiainied 
with fuch fubllances, were to turn their attention towaids 
the appearances or accompaniment k wliich point out fneh 
ufeful conceah'd matters ; as it might greatly facilitate the 
fearcli for them, and frequently h'ad lortuitouHy to their 
difeovery. The methods which arc praCtifed in fearching 
for and ufeertaining the prcfcnce of different forts of mate- 



260 

rials of this nature, are principally thofe of boring, by means 
of an auger or borer made for the purpofe, into the earth, 
and digging into it in other ways. Iii fearching for moft 
forts of mineral fubftances, coals, and fomc other matters, the 
ufc of the borer is conllantly firft had recourfe to, and not 
that of finking a (haft, however favourable the appearances 
of the place may be for the purpofe, and the fuccefs of the 
undertaking. The ground is firft tried by this means, and 
a certainty of fuccels or failure gained, as well as that of 
the moft proper fituation for finking the (haft or making the 
opening or pit, without much expence being incurred, in cafe 
of the former. In trying for ochres, marles, and other 
fimilar articles, the fame implement is alfo in common ufe. 
But in raifing and providing lime-ftonc, frec-ftone, flags, and 
ilates, &c. in fonie cafes, digging down into and opening the 
ground, by fpades and other tools, is the mode employed in 
the firft inftance, in confcqucnce of fuch fubftances being 
obvioufly prefent in fufficient quantities to be wrought with 
advantage. See Bohkr, Bohing, and Auger. 

The common methods of working and managing different 
forts of quarries, are in general, in moft places, tolerably 
well under ft ood and regulated, by fuch quarrymeri as are 
conftantly employed in the -bufinefs ; but a circumftance 
which they commonly negleA very much, or are in a great 
degree inattentive to, in many cafes, is that of making good 
the ground below, by means of the turf or foil which is caft 
off from the top, or upper parts ; and that of keeping the 
mouths of the openings fufficiently clear and free. Another 
common difficulty incident to them, is that of draining, and 
freeing their bottom parts from injurious water. This may 
be effefted in various ways, as by the ufe of different forts 
©f machinery worked by wind, water, and ftcain, and by 
fome other means. See Quarries, Pi/x, &c. Draining of. 

In many of the more foutheni diftrifts of the kingdom, 
and Hill more in thofe towards the north, and in Wales, 
there are quarries, from which fubftances of fome of the 
following kinds are raifed a*d ufed in their neighbourhoods, 
or fent away to a diftance, in a very extenfive manner ; fuch, 
for inftance, as thofe of the ftony kind, as iron-ftone or 
ore, lime-ftone, marble, chalk, granite, free-done, grit-done, 
flag-ftone, white, grey, purple, and blue flatc-ftonc, fand- 
ftone, fand, gravel, clay-ftone, fcythe-lloncs, tilc-ftones, 
&c. ; different ochres, plumbago or black lead, calamine, 
gypfum, marie, pipe-clay, alum-earth, fuller's-earth, peat- 
earth, culm, coal, cannel, falt-rock, &c. Thcfe quarries 
and pits are wrought, and the materials got up from them, 
in feveral different ways, according to circumftances and con- 
venience, as well as the particular nature, kinds, qualities, 
&c. of the different articles themfelves ; all of which are 
tnoftly well known, and capable of being performed by the 
workmen of their refpeAive neighbourhoods, who are com- 
monly employed in them, and very expert in their ma- 
nagement. 

Stony fubftances which bear a great variety of different 
names, and which pofl'efs equal variety in their qualities and 
ufeful properties, are met with, and dug up from quarries 
and pita, in many different diftrids and fit nations, in alinoft all 
parts of this ifland, in order to be converted to purpofes of im- 
provement and utility in a variety of different ways and inten- 
tions. Iron-ftones and ores abound more in the northern parts, 
though they are occafionally found in fome of the fouthern 
onea* A coniiderable quantity of highly rich iroii-llone ia 
got up and fent annually from the vicinity of Combemartin 
in Devonlbire, to the iron-works of Mr. Raby at Llcncthy 
in South Wales. A large portion of it is alfo found on the 
borders of the Orchment river, and difperfed throughout the 
whole diftri6l, as well as in other parts of the fame county* 
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Iron-ftone is likewife met with in Sulfcx in large quantities, 
imbedded with lime-ftone and fand-ftonc, that which rifet 
near to the furface being the bed, the other having a coarfer 
and more dull appearance, working heavi. r in the furnace. 
The very beft ia frequently interfeded with thin ftripes of 
foft marly matter. Iron-ftone, to a great extent, cxifts on 
the cllates of lord Dudley, and many others in Stafford(hire, 
and contributes much to the employment and profperity of 
the inhabitants. But, in the northern part of Lancafhire, 
in the diftrid of Low Furneft, (lone and ore of this fort 
are perhaps found in the largeft quantity, of the beft kind, 
and in the moft general manner, of any where in the king- 
dom. There are numbers of fliafts, quarries, and pits for 
raifing them from, on Lindal Moor, Whittrig Moor, and 
Crofs Gates, in the vicinity of Dalton, as well as in fome 
other places. In the former, the working is ufually effeded 
at the depth of from twenty to forty-five feet, but it 
has been done at lefs as well as greater depths. The whole 
of their cavities are chambered with wood, and coft from a 
guinea to twenty-five (liillings in finking each fathom, with- 
out the wood. The ore runs in veins or feams between the 
rocks on the north and fouth, being in breadth from about 
forty to fixty yards. And it conftantly dips towards the 
fouth-eaft at the rate of about a foot in five or fix. The beft 
ore is that which has the moft greafy appearance, and it 
is raifed with Icfs dilficulty, working lels hard, requiring 
lefs flux, and forming a more foft iron. It is raifed from the 
(hafts or pits by machinery of the gin or windlafs kind, the 
men employing picks, punches, and hammers in digging it 
up. It was formerly got, in fomc places, by driving levels 
into the fides of the hills, and conveying it out on railways, 
in fmall waggons ; but now the other way is moftly em- 
ployed. Four men get about fourteen tons in the day, in 
fome fituations ; but in others, double the number are re- 
quired for getting the fame quantity. It is wheeled to diftant 
heaps, from which much of it is fent in fmall carts to the port 
of Old Barrow*, from whence it is (hipped to different parts 
of England, Wales, and Scotland, at the expence of from 
fourteen to thirty (hillings in freight ; atKl the reft converted 
into pig-iron by the furnaces in the neighbourhood. Iron- 
ftones and ores are alfo met with in fome other counties more 
to the north of the kingdom, where there arc pits and quar- 
ries for raifing them from. 

Lime-ftone is a very general fort of done raifed from 
quarries and pits in many different parts of this country, as 
in Devonlbire, Suffex, Kent, &c. towards the fouth, where 
it lies in vail beds, from which it is dug for u(e ; in the more 
midland counties, as in Glouccfterlhire, Shropfhire, Derby- 
(hire, Staffordlhire, and others, where it exifts and is em- 
ployed to a dill greater extent ; but by far the moft exten- 
lively in thofe farther to the north, as Lancalhire, WelU 
moreland, Yorklhire, Cumberland, and fome diftrids of 
Scotland. In many parts of the county of Lancaft. r it is 
dug and raifed from quarries, where it lies in a ft ratified 
manner at no great depth from the furface, being got up 
without much difficulty or trouble ; while in other places 
it is forced from the folid rock, with great labour and ex- 
pence. This is likewife the cafe in many other diftrids. 
Wherever it is met with, it is almoft conftantly a quarry 
material of great value, and which affords much employment 
to labourers. 

In the county of Kent, the banks of fome of the large 
rivers are fcooped out into Hone quarries in a remarkaWc 
manner, fome of them worn out and difufed, others in the 
ftate of being wrought. It has been obferved, that this is 
the neareft done country into which water-carriage can pene- 
trate from the metropolis ; and that the original London 
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was built, as well as the modern one chiefly paved, by 
materials from this diilriiSt, fuch as the rag-ilone, and the 
large pebbles gathered on the fea-fhores, before the Scotch 
granite came into ufc. In the neighbourhood of Maidftone 
there are the appearances of many abandoned and negledlcd 
quarries of this nature ; but the molt confiderable ones, 
which were lately wrought in that vicinity, are thofe of 
Farleigh and Fant. In each of thefe, blocks of ftoncs, of 
different kinds, and of every form and fize, are met with, 
being feparated by fcams, and large irregular mafles of 
earth of various qualities : among the rclt, brick-earth of 
the bell quality. In fome places, the Hones are buried 
feveral feet under thefe earthy materials; in others, the 
rock rifes to the furfacc. After this, the quarryinen worm 
their way ; follow.ng it, with irregular windings, leaving 
behind them refufe in greater quantity than the ufeful 
materials which they raife. 

The lloiiy fubltances which arc principally met with in 
them, are of two very diftin6l kinds : the one hard, and of a 
ttrong contexture, provincially denominated ra^y or Kcntilh 
rag; the other of a foft crumbly nature, provincially termed 
h^och* The quarrymen are in the practice of dividing the 
lirll fort into two kinds ; what they call the common 
and the corh-Jione^ the latter being their principal objedl m 
thefe immenfe works. It has in it.s general appearance 
much refemblance to the llrong grey liinc-llones which are 
found in different parts of this country ; but when minutely 
examined by means of a glafs, its fracture and contexture 
have the characters of the Devon (hire marbles ; except that 
the grain of this fort of Hone is fomewhat coarfer. In 
colour, too, it differs from thefe marbles, having a greater 
refemblance to the YorkHiire lime-Hones. It is tiled for 
different purpofes ; much of it is fent to the neighbourhood 
of London, where it is burnt into lime, for the ufe of the 
fugar-bakers ; who, for fome rcafon or other, chiefly em- 
ploy lime, burnt from this material, or Hone, inffead of that 
of chalk. It is likewife made ufe of as a building material ; 
and, particularly in pedeHals, for the polls of cattlc-lheds 
and other farm-offices. It is hewn with Hone-mafona’ axes, 
working with tolerable freedom. 

It is very durable, as fome part of the bafement of 
WeHminHcr Abbey appears to have been built with the 
Hone from thefe quarries. In this cafe, it feems to have 
been dreffed fmooth ; and the furfacc Hill remains with 
little alteration ; having wie'iHood the attacks of time with 
great firmnefs ; it being even now difficult to detcdl a 
loofened fplinter in the work. 

The common rag- Hone comprehends all the different 
kinds which are met with in thefe quarries, except that of 
the above, and that which is of the haffocky nature ; though 
the true unmixed rag is a diHiiiA fort, naving charaders 
different from any of the others. In the colour, it inclines 
more to the red or liver colour, than that of the cork-Hone, 
but otherwife refembles it confiderably. Viewed with a 
glafs, its grain is finer, and the frafture flint-like. 

Its ufes arc, however, but few. Some of the beft and moft 
regularly-faced Hones are fometimes laid afide for^ paving 
materials ; but the large pieces are moHly referved, in order 
to be fent by water to the*" diHridI of Romney Marfh, for 
the purpofe of forming the Hard materials of the embank- 
ments and jetties, which are there made againft the fca. 
The fmaller forts are, in general, converted to ufe as a road 
material. 

The haffocky Hone appears to the naked eye to be or a 
foft, white, fandy quality ; and its fradture is the fame 
But under the glafs, its grain is fine, its contexture uniform, 
and fo thickly interfperfed with fmall feed-like granules. 
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of a dark or black colour, as to give it a grey appearaiicer 
{sometimes bearing evident impreflions of (hells. Its tex- 
ture is loofe and brittle ; crumbling cafily between the 
lingers into a coarle fand-like powder. It will not burn 
into good lime, although it is almoH wholly calcareous. 

Its principal ufe is that of forming a loofe friable fort of 
rubbly fub-foil, in fome places, which is admirably fuited 
to the growth of faintfoin, and fome other crops of the 
plant as well as the fruit-tree kinds. 

1 he quarries in feveral other counties contain Hony mate- 
rials of thefe diflerent kinds, which are wrought and ap- 
plied to a variety of different ufes in thefe and other ways. 

Quarries of marble are wrought in feveral diilridts in 
cliffeicnt parts of the country, and afford great advantages 
in various ways. In Suffex they I:ave a marble, which, 
when cut into flabs, is ufed for ornamenting chimney-pieces, 
and many other purpoles. It is equal in quality and 
beauty to molt forts when highly poliffied. For fquare 
building and paving it is alfo a material fcarcely to be 
exceeded. By burning, it likewife affords a very valuabht 
manure, equal, and by fome thought fuperior, to chalk,^ 
being cheaper to thofe who are near the places from which 
it is dug. It is found the moH perfect about Kirdford, at 
the depth of from ten to twenty feet underground, in flakes 
nine or ten inches in thickne/s, ’ and called tlie Petwortli 
marble. It was much employed in building the cathedral 
at Canterbury, the pillars, monuments, vaults, pavement, 
&c. being formed of it. And the arehbilhop’s chair is one 
entire piece of it. Marble is gotten in fome of the counties 
in the middle of the illand, as Derbyfhirc, Nottingliarnihire, 
&c. At Beacon-hill, near Newark, a blue Hone for hearths 
is got, which approaches to marble, and is capable of burn- 
ing into lime. And in the county of Derby much gt)od 
marble is raifed in different places. In Lancallure there arc 
quarries of line black marble, and of Hones, whic h approach 
to, and take on the jiolilh of marbles. In many of the welleni 
and northern parts of Yorkfliirc, marble of various kinds is 
found, fome much relembling, and otlicrs fuperior, in clofc- 
nefs of texture and dilliiidtnels of colours, to tha: which is 
wrought in Derby Ihirc. Alfo a Hone, which greatly rc- 
fembles the marble of that county, and winch is capable of 
receiving much fuch a polifh, and is nearly of the fame 
colour, mixture, and appearance. On the fide of the river 
Kent, near Kendall, a vein of beauliful marble has been lately 
difeovered in the property of D. Wilfon, cfq, of Dallam- 
Tower ; and a main quarry opened upon it. Marble has 
alfo been met with on the oppofite bank. 

In the county of Invernels, likewife, marble of the greateft 
variety of colours, and of the molt beautiful fhades, has been 
met with in Bciievis, on the property of Mr. Camerton ; and 
inexhauHible quarries of it lie untouched in the iflaiids which 
belong to it. 

Betides, this fort of material exiHs in immenfe quantiticB, 
in quarries, in many other parts of the kingdom. 

Chalk is a material which is raifed from quarries and pits, 
moHIy in the fouthern parts of the country, as in Sutfex, 
Surrey, Kent, Effex, Berkfliire, Hertford thire, &c. It 
cxilis in vaH ranges and tradis in moH of thefe dillridlB, 
whence it is dug up from quarries, at different depths, ac- 
cording to circumftanccs, expofed in ffieds to dry, when 
wet, and then converted into lime for various ufes, by meana 
of fire, or employed in its broken and powdeiy Hate, with- 
out undergoing the above proceffes, by merely digging it 
out of fuch places. In fome parts, as in Kent, and the 
neighbouring diftridls, it is often dug and raifed from con- 
fiderable depths, from beds of very great thicknefles. And 
near Reading, in Berklhire, there is a llratum of this fub- 
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flaucc', which i« thirty feet i.i thicknefs. It is there ufed 
and dug out for manure, and ot'cafionally as a building 
malcrial, for the lattiT of which purpofes it is very durable. 
I’lic remains of the abbey of Hurley, and of the ancient 
chapel, now the pariHi church, built wholly of chalk, in 
the reign of William the Conqueror, arc, it is remarked by 
the writer of the correded Agricultural Survey of the 
di(lri£l. Hill a« freHi and found as if they had been the works 
of the Lift century. Chalk, when once indurated by the 
air, has a remarkable property in refilling the aftion of the 
weather. 

Granite is a H^ny fubllance, which is found to exift in 
fome of the fouthern parts of the country, as well as in 
thole of the north, but it abounds much more in the latter. 

In the wellcrn parts of Cornwall it is in great plenty in 
the dillridbi of Penwith and Kirrier, prefenting itfclf in 
large (labs on all the rocky hills or tors, as well as in the 
walle moors and valliep ; and appearing in detached fpots, 
even in the Hielfy flaty trafts. It is of dilferent colours and 
textures, being adapted to a great variety of ufes and pur- 
pofes, as thofe of building, and being wrought into columnar 
malTes, eight or ten feet in length, for fupporters to Hieds, 
out-houfes, 5cc. ; and as gate-polls, and bridges over brooks, 
rivulets, &:c. ; as well as in the forming of rollers, malting, 
faking, and pig troughs. It is alio an article of commerce 
to different parts. It is fuppofed to be cxadlly of the 
fame nature with the original granite ; and there are five 
forts of it, which are dillinguilhcd by their colours, the 
white, the diillcy, or dove-coloured, the yellow, the red, 
and the black, moll of which arc charged with a brown 
and hriglit filvery matter. 

The county of Invcrnefs lias a great deal of this fort of 
Hone, and there arc numerous quarries in it for raifiiig and 
working of it. Tiie common granite abounds in all the dif- 
ferent dillridls of it. In many places the whole rocks are 
compofed of this kind, which is uncommonly ufeful for all 
-ordinary purpofes. By natural filTures, which run in llraight 
lines, and generally at right angles, it is formed into all 
fized portions and Hiapes, having uniformly a plain furfacc. 
And, by means of cutters or tranfverfe lines, thefe Hones 
are eafily quarried, and found in the greateft plenty every 
where. They are remarkably beautiful, being almoH as 
fmooth and regular as hewn Hone, and of courle w'ell fiiited 
for various forts of building work. The bell buildings of 
the county-town are of a dark kind of granite, which is 
very hard and durable, but which has few or no fiffures. It 
is generally found in large blocks, and in many of thefe 
parts, there is no otlicr material for building or adding or- 
nament with. The manner of giving it the poliHi it admits 
of at the quarries, is by means of fmall picks, or pick- 
axes, which are, in fa£l, hammers with Hiarp points at each 
end, in the manner of thofe employed by millers in preparing 
their grinding Hones. It is a very heavy, compadl Hone. 
There is a mixed fort, denominated pcafy granite, which 
confiHs of white, black, and grey fpots, that fparkle beau- 
tifully in the fun, and is very ornamental, as well as much 
ufed for different purpofes, as Hairs, doors, and windows. 
Though this is very fojid, and almoH without natural fiffures, 
it fplits very llraight, by means of iron wedges, fet in a 
line^ and ftruck alternately, with a hammer of great 
power. 

A great deal of this kind of Hone is imported into the 
metropolis and other large towns, for paving the Hreets, 3cc. 
It is on the whole a very advantageous fort of quarry mate- 
rial in various parts of the kingdom. 

Quarries of free-ftonc are wrought in a great number of 

different places. In the more fouthern parts is found the. 
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Portland Hone, which is fo famous and ufeful in building. 
A fort of this kind of Hone, wliich much approaches to it in 
quality, is alfo met with in Cornwall. Some likewife exiHs 
in Hcvonlhire and GlouceHerlhire. The Cotfwold quarries 
in the latter, afford free-Hone of an excellent quality, parti- 
cularly thofe at Painfwick, Lodbury, Lockhampton-hill, 
See, It abounds more, however, in Chefhirc, LancaHiire, 
Weltmoreland, Cumberland, and fome of. the Hill more 
nortliern diflridls. Several excellent quarries of free-llonc 
arc carried on in the lirH of thefe, as thofe at Runcorn, 
Manley, &c. where much valuable Hone of this nature is 
raifed. The fecond county alfo affords equally valuable 
quarries in many different places, from which vail quantities 
of the Hone are raifed, and employed, or fent away to a 
dillancc. Thofe about Ormlkirk, Up-Holland, and Wi- 
gan, as well as thofe on all the eaHcrn fide, are in general of 
a very good quality. And in the vicinity of LancaHer 
there are fome excellent ones ; that on the moor or common, 
clofe to the town, is very extenfive, and affords a frcc-Hone 
that admits of a fine poliHi. In this dillridl, this fort of 
Hone is met wi:'-. of a whitilh -brown, yclluwifli, and rcddifli 
call, but the firil is by much the moil elleemed. In the 
eaHcrn parts of WeHmoreland, a;j about Hutton Roofe, 
and lome other places, a good fort of frec-Hone is dug up 
from pits and quarries formed for railing it. This fort of 
Hone exiHs and is quarried almoll all over the counties of 
Cumberland and Northumberland ; and prevails occafionally 
in others, where it is wrought to advantage. A grit-Hone, 
fomewhat of this nature, is met with in fome diltridts, as in 
Shropfliirc, &c. which is raifed from quarries, and ufed ai 
a building material. And a fand-Hone exfHs to confiderable 
extent in others, as in Suffex, See, that is fometimes dug 
up, and made ufe of for common buildings, &c. In 
ChcHiire, on the hills near Macclesfield, about Kerridge, a 
fort of fand-Hone is met with, which is particularly well 
fuitedtothe making of flags, and whetting tools, as well at 
fometimes to the forming of Hates, for which it was formerly 
much employed. Near Pott-Shrigley, alfo, a fine fand- 
Hone is found, that admits of a good polilh. The quarry 
has not, however, been wrought tor fome late years, as from 
the extreme hardnefs of the Hone, the expence of getting it 
is very confiderable. There are feveral other quarries of 
excellent free-Hojie wrought in the fame neighbourhood. 

There has been great abundance of free-Hone wrought, 
time immemorial, in the low parts of the county of Perth, 
and quarries of a greater or fmaller grained Hone of this fort 
appear almoll in every place, with the exception of the 
carfes. In the lowlands, and near to the ealtern fea, the 
pores and grain of it are greater ; but as the mountains are 
approached, the pores arc lefs, and the grain finer, by which 
thefe Hones admit a fmoother poliHi. The quarry of Tul- 
lyalan parifli, called Long-annat, affords a iionc of a very 
excellent quality. It has a white colour, admits of a fmooth 
polilh, and refills the influence of the weather. Some of 
the principal houfes in that part of the country, as well as 
fome of the moH magnificent public buildings in the capital 
of Edinburgh, as thofe of the Exchange, the Infirmary, and 
the RegiHer-office, confiH partly of this Hone, and thofe 
found at hand. And farther, in fome inliances it has been 
carried to the continent. But the quarry of Kingoodie, in 
the carfe of Gowrie, belonging to Mr. Mylne, of Myln- 
field, is unquellionably the finell of this kind of any in the 
county. Altonifhing blocks in great number are raifed 
there, fifty feet in length, fixteen t^t in breadth, and three 
feet in thicknefs. Such is the demand for this Hone, both 
at home and abroad, that four veffels are employed in export- 
ing it from this quarry. The work is, however, on the de- 
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cline, occafioncd by the a£l of 1794, 'vhich impoled a duty 
on ftonee, which, although trifling in itfelf, caufcs much 
grievance, vexation, delay, and trouble, in procuring coall- 
difpatches, &c. 

Flag-ltones and quarries for the working and preparing of 
all forts of flags, are met witli in all thole iituatioiis wIktc 
free-llone is found, and where itexills in rather thick llrata, 
or layers of fome depth, which are capable of being fepa- 
rated by hammers, wedges, or other means. In many jdai cs 
in the fouthern parts of the illand, the flags raifed liom 
fuch frec-ftone quarries are of an extremely good quality, 
being ufed in very large quantities for many diiTi n iit pur- 
pofes. Thofe of Cornwall and Dcvoiilhire alio, m maiiv 
cafes, afford a good fort of flags. The fand-floiu- (puirne;. ol 
Shropfhire, as at Grinfell, near Shrewlbury, about Ihidg- 
north, and at Corndon-hill, near Bifliop’s-calllc, as well as 
in the Swiniiey mountain, &c. wlicre altcrnntf beds oi 
fine white and red Hone of this kind, of very inpenoi quality 
and thicknefs, exill ; that in the firil of lliclc litnaiioits, being 
twenty yards thick, affords flags likcwili-, wluiharc nl a 
very ufeful nature, Frcc-flonc flags too, of ufclul lorts, div 
met with in the quarries of fome of tin' midland coiinlus. 
And they abound much in many of the free-flone quairics of 
Lancafliire, Yorklbire, and lomc of the other inoiv ix.rtlu rn 
dillricls of the country. ^ 

The quarries of this kind brci^me flato-llone, and turniin 
the white, grey, and brown flate, wlierever the Hone Ik >. m 
thin layers, or ft rata, which arc able to be railed and^fepa- 
rated from eaeli other with convenience and lacihty. They 
rxiil in moll of the above trails, and an* plentiful m fome 
of them, efpocially thofl* towards the north. The Lan- 
cafliire and Yorkfhin* tpiarnes, in many places, fupply the 
white and grey forts m great abundance, and (»f good qua- 
lities. Thofe ol Weflmorcland, CnmberLnid, and North- 
umberland, alfo atlord them in many inflanee'' of a valuable 
nature. And they are equally good in the flill more northern 
dillnds. There are numerous quarries of diftereut c<dours 
of them in Clydefdale, Perthfhire, Argyhflnre, and tlie 
county of Tnvernels, from which vaff fiippii'T* are conflanlly 
raifed for home and other ufe. This loil </f llatc has, how- 
ever, moilly the difadvantages of being very jiorou’;, heavy, 
lefs durable, and of requiring more and llronger timber to 
fupport it, than lome other kinds; being only fit for ex- 
pofed climates and fituations. 

The quarries of the lightei and tliinner kinds of flate, of 
the blue, green, purple, and otlier colours, formed from 
other forts of flone, only exill in fome particular diliriCtvS, as 
thofe of AVales, the northern part of J .ancaihire, and the 
adjoining counties, and in a few ]daccs in bcolland, 1 he flate 
quarries'^of the Welfli diilri^ls fupply feveral kinds aiul co- 
lours in large quantities, and of good qualities, but the ^k^***h 
and lighter purples are the moft prevalent forts in mo It of 
them. In Laneaflilre tin quarries of this kind are v ry mi- 
mcrous in the part to the north of the lands, as abvuit 
Gothwaile-eommon, Kirby-moor, CtMiillone-hiils, and 1 il- 
hertliwaite-fells, &c.; and from which very large fupphes of 
the blue, green, and the dark purple forts of flate are railed, 
and font away for exportation, or confiimed at lioine for di^ 
ferent purpofes. They arc wmought, and the flate prepared 
in fomewhat different manners in different pl.iccs. ihe 
Gothwaitc quarries have the flate dug out from the fide ot 
the hill, and carried away. But in (orne on Kirby-moor, a 
level is driven through the ground from below, the metal 
being conveyed awuv by fmall four-wheeled waggons on 
iron rail-ways. Thofe about Coniltone are moilly worked 
into the hills, and the metal raifed and earned out from 
them. Some of the Tilberthwuite quarnc# are wrought 
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by blalling tlie llate-llouc, and collcCllng and carrying it 
out of them on flanting roads, in Imall carts or trucks lon- 
flriiftcd for the purpole, the levels being below the hills, hut 
not nearly fo low as the hotttun- of tlu* epnuTRs. O’hcrs 
arc wroiigiit by draiiidit loads trem tla* botti'ins e.f them. 
One man will r.iib* eighteen or tv. nty Innulrcd w.jgiu ut 
ll.ite int)ii. da\, wlieiv the uu Ml i il. s \\ i 11, bet Ids inOtiKT 
rale*\ In ioim* it e. (b;«> tait by r- ^ let <d men, i; lit b\ 
allot hci, and lornu cl into ibiti*. i y a third, lur winch ]) in 
])ole.s, flat c rc \\ -1 Ml'S, llate-kiiive;, and axes /re empio’, id 
1 be flate is cii\ :drd ..'iid dilhn;' ii ll.- d into tlirc''* lorts, a*, 
liriis, leonds, and tbi.d , ir lamdi/i, countr\, and loins. 

In the iirll, or Gulbv\.itle quants, tie* llite lias a d.irkilb 
purple, ol jilaek call, and is w ort h 1 r..»n fort y to loi t) -four 
Ihdling,. the I'i’i. In the (.‘omiloiie cjua, n sit has a line bin. 
ami grc*en appearanee, and i> miidi thnm/r and lighter than 
the other hu't. 'Idle 'i'llbi rt l-c\ ait*e llale, iii juir inflanccs, 
Iplits Yer\ 111 e, iliiji, and light, but doc'r not cov'i lb far as 
iholt cd tl.e Clolluvaile and Ivi by (juarrlei,. 'L’his fort i*. 
worth from roit)-eiglil to iifl) lliilliig;s the ton. In fome 
qi! irneii a loit of rent is p.iid / a 7 ‘ ton, on tlie flate winch i. 
r.iiled, as ten flnllings fr the bell, eight Ihilliiigs for tin* 
Ivconds, and lispcnci' b)/ lhi*lhnd:>. Jii others a ccrlaiii 
rent only is p nel for the lilxnty o: the royalty, and not a 
t ourng;** (bn \ . d'h(*le rent., or iliilii,, on \he \\ orkers ed 
tbcle quarrie s, are j)rob.d)lv higher than lliey will iie.u*, and 
have eiudiled the Wcllli ll ite deaki s to underfell thole t>f 
this count) . 

AVellmurel.ind and Cumberland, in fome inllanees, affort} 
good him* and gncii Hates, In ilu' latti r, fome ed* an ex- 
cellent quality are 'rollrn in the quarries, of Borrow’dale*, and 
inferior l(*rts in lome ol the i:(‘ighboiiring mountains. 

Tlie* comity e^f Arg)le, in .Sv.oilaiiel, in lorne p.irts abounds 
with flat(’.quarri(.s, a. the traCis abimt Eldale*, from whieli 
five millions of Hates Ine.e for loim* time bi‘i n annually fold 
at tile rate of t w enty-livi* Ihdliiigs the ihonland, Quarries 
of tlu' fame kind an* alio vsrought in many otheT ])arlo, with 
great heiU'lit to tlu* inhabitants. 

iSIate-epiarnes rire tormed in n.any parts of the higldands 
of the comity ed Perth, but hoik* in tin' love. The Hates 
m fc»me are of a purjile colour, in (Uliers an a/.ure blue, 
and in a few of a muddy, landy, brown coinjilexion along the 
cutlers. It is wJl known where- th(' diflercnt fe rts are quar- 
ried. The veins of flate-rock Icemi to run from Drum* 
Ime', in the parlfli of Aberfoil, in a north-ealt direi^tion 
to Dunke lcl ; and may be traced Ik yond the liniits'of tho 
county both ways. I'lie a/ure' coloured are the' bell metal, 
and nlc of a greater fi/:c than any of the <)the*r kinds. 
Many of the buildings in diflereiil places are Hated with 
this beautiful covering. Into the lower dillricls (>f the 
county, Hates are imported from Kldale, ai. ! the other quar- 
ries on the welt coalt of the county ot Argylc. 

Quarries of grey flate exill in many dilFen at parts of the 
county of Inverm Is, in vvliieh tlie quality is wry good, and 
well fiiited to the climate. In fome places thcle flates arc 
much preferred to blue' ones, as the latter are more ex- 
penlive in procuring, and though nailed on the roofs ever 
fo firmly, are apt to be loofened by high winds, unlefs 
bedded in lime, which circumltance renders re pairs difficult. 

There are numerous quarries of land and gravel to be met 
with in ahnoll every diitridt of the kingdom, which are 
wrought cither for the purpofe of fupplymg domellic ufes, 
or thofe of repairing roads, &c. Thofe of the former 
fort, which contain the fine white, red, and yellow fands, 
are by far the moll valuable, and wrought to the greatell 
extent, the matcnals being moilly dug out from the fidcs 
of banks and other places, and but rarely got by finking 
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xUc quarries into the more level parts of the ground, though 
this method is fom times praftifed. The matters are com- 
monly raifed fimply by digging and fpades ; and thrown 
into the carts, in many cales, from the quarries and pits 
themfelves. Nbnncrous quarries and pits of this nature 
exill and are wrought to a very great extent in the neigh- 
bourhoods of the metropolis, and moft other large towns, 
all over the kingdom, for the purpofe of fale for various 
domeftic ufes. 

In the gravelly kinds, thofe quarries which abound with 
the (harp, coarfe, flinty, and pebbly forts, are the moll 
proper and beneficial for the making and repairing of all 
forts of roads and carriage-ways* They are occauonally 
formed by working into banks and deep places, but more 
frequently by openings in the plain furface. Their depth 
is (ometimes coiifiderable, the materials being raifed after 
being fcrcened, the work, of courfe, very laborious and 
troublefome. In other cafes, the carts are filled from the 
quarries or pits without much difficulty or trouble. 

Quarries ol clay-ftone, ftone-tiles, feythe-ftones, and fome 
other forts, are found of good qualities in different diftri^ls. 
In Gloucellerfhire they have quarries of blue clay-ftone at 
different depths, lying in beds of the fame coloured clay, 
difpofed in layers of from four to ten inches in thicknefs. 
The done in new quarries is eftimated by the effeds which 
the atmofphere has upon it from fome expofure. The 
bed fort is a very ufeful material for fcveral purpofes. 
Quarries of ftone-tiles principally cxift, and thofe articles are 
raifed from them, in different part of the Cotfwolds. The 
bed are prepared about Miferdine, Beverdone, Charlton, and 
Hampton -field, the colour of which are yellow or grey ; 
hut another fort, which is red grit, is dug up about Iron 
Afton, and fome other places, but which is Icfs valuable. 

There are quarries of feythe-dones in many parts of Lan- 
calhire, but the bed are obtained from thofe about Rain- 
ford, where they are well wrouglit and prepared for ufe. 
In feveral other diftrifts, quarries of different kinds of 
whetting-ftones likcwife ex id, and arc wrought to ad- 
vantage. 

Ochres of different kinds arc met with in different places 
in quarries formed for the purpofe of raifing them. In 
the county of Devon, formerly large quantities of various 
(hades between red and yellow, were raifed and manufac- 
tured in thofe about Eaft-down. Umber, in the parifh of 
Combemartiii, cxids in a pretty large body. The work- 
ing and preparing of thefe are, however, now much lefs at- 
tended to than heretofore. 

In 5uffex there are quarries of red ochre about Graff- 
ham, and in various places contiguous to the fca, as near 
Chidham, 5cc. where much is railed, prepared, and fent to 
Londdr, Ochre quarries alfo cxift in many counties 
more to the middle and north of the kingdom, from 
which great quantities of this fubftance are procured and 
prepared for ufe in different forts of arts and manufa6lures. 

Quarries of plumbago, or black lead, are likewife occa- 
fionally found and wrought, in different fit nations, in dif- 
ferent didrids of the country. This fubftance has been 
met with and raifed near the borders of the Bovey river, 
in Devonlhire, in fome quantity, and prepared to be fent to 
Exeter for fale. Quarries of black lead are alfo found and 
wrought in Borrowdale, in Cumberland, near to the town 
of Kefwick, to fome advantage. And they exift in fome 
of the middle trails of the iiland, affording great benefit 
to the proprietors of them. In the county of Invernefs, 
there are iome appearances of black or pencil lead about 
Glengary, t)ut they have not yet been turned to any ufeful 
account. 
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In fome didriAs, in the middle parts of the country, 
quarries of calamine, or Intis cnln/mnaris, are met with, and 
much of this fubftance railed from them to great profit. 
It abounds in the Mendip -hills, in Somerfetlhire, about 
Rowbarrow, Shipham, Winfcomb, and on Broadfield- 
down, &c. It is fometimes feuiid witiuii a yard of the 
furface, and feldom wrought deeper than thirty fathoms, 
in fome places its quality is excellent. It is prefent in 
other neighbouringmountainous trails, and raifed with equal 
advantage. 

Quarries of gypfum prefent themfelves in many different 
parts, and are wrought in fome with confiderable benefit . 
In the county of Devon, it lies between ftrata of red-done, 
marie, and chalk rubble, about Salcombe, Branfeombe, and 
Beer, being ufeful for various purpofes. Gloucefterlhire 
and Derbylhire have quarries of this nature, where there 
are fine beds of it. Thofe of Aull Clift' in the former, 
have it not fo good, however, as that which is met with 
in the latter county. In Nottingham (hire it is of an ex- 
cellent quality, efpccially that got near Newark and at Red- 
hill. Chefliire has fome, but not turned to much account. 
Weftmorcland and Cumberland have good quarries of it, 
in fome places, where a great deal is gotten up, and made 
ufe of. And it abounds in different parts of the county of 
York, where it is raifed to advantage. 

Marie is an article that is T^et with in pits and quarries in 
a variety of different fituations, and of fcvcral different 
kinds and qualities. It is found and dug up for ufe in many 
places in Suffex, and the counties more to the centre of 
the country ; but it prevails in the greateft plenty in the 
county of Lancafter and fome others, in which it is raifed 
or worked out from large openings on the (ides of hills, 
high banks, or in the plain furface, and fet thickly upon 
the land. The getting or digging of the material out of 
fuch places, is ufually performed by means of ftrong iron 
mattocks, crows, fpades, and wooden fpiles ; large pieces 
being in fome cafes forced down, not without danger to 
the workmen, by driving in the fpiles or piles from above. 
This method is called falling. The work is extremely fe- 
vere, and commonly done by the rod. Tlie large clods thus 
forced down, break into fmall pieces, and are then filled into 
carts for the purpofe. 

Shell-marle, tlioughit is not much attended to in any part 
of England, is frequently met with and dug up from va- 
rious parts of Scotland, and employed on the land in great 
quantities, with much fuccefs. The pits and quarries of this 
fi)rt are commonly wrought with much more facility than 
tliofe of the others. 

Pipe, and other kinds of fine clays, are dug and raifed 
from a fort of pits or quarries, in large quantities, in many 
different counties. Near Wear Giflard, in Dcvonfhire, much 
of the firft fort is dug and fent coaftways, though not m 
fuch quantities as formerly. Brown potter’ s-clay is alfo 
raifed and fent away in great abundance from the neigh- 
bourhood of Fremington. Thefe forts of clays are likt- 
wife found in much abundance in Berk (hire, and Itill more 
fully in fome of the midland diftriiEfs, where the pits of them 
are wrought to a vaft extent. They are articles of great 
importance and utility in fcveral forts of manufadturca, and 
for which there is great demand in many inftances. 

Alum earth is a kind of dratificd matter, which is met 
with and raifed from pits and quarries in a number of differ- 
ent fituations, and various parts of the kingdom. In fome 
they are wrought to very confiderable extents and advan- 
tages, but in others in far lefs degrees, and with much lefs 
fuccefs. 

The ftrata of this earth ai'c dtig and got up in different 
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intnticri under different circumttances, but moilly by means 
of ftrong crows, picks, and other tools of a fimilar kind, 
bring wrought in fomcwhat the fame method as in the cafes 
of marie. The bufinefs is ufually executed by common 
labourers. 

Fuller's-carth is another material of this nature, which is 
dug out of the ground from ‘pits and quarries at different 
depths in feveral parts of the country. In fome it is very 
abundant, and of a rich good quality, as in thofc of the 
middle and more northern parts of the ifland, forming an 
article of great ufe and demand in feveral branches of 
bufinefs. In others it is of a much lefs valuable nature, 
being far lefs in requeft. That w’hich is found about Til- 
lington, in Suffex, is confumed in the neighbouring fulling 
miUS. The mills of this fort in Yorkfhire, and other parts 
alfo, confume immenfe quantities. The material is raifed 
from the places in which it is found in mucli the fame way as 
many other earthy fubftances, but it feldorn requires fo 
much digging, as it is a far lefs hard matter. 

Fuller’ 8 -earth was formerly got up from pits and quarricvS 
in the neighbourhood of Maidllone, in Kent, and much 
ground wrought over ; but the beds of fand by which it is 
covered are of fuch depths, as to render the works of little 
value or importance. 

Quarries and pits of mineral peat-earth arc found in fomc 
diliri^ls, and much of the material dug up from them, and 
made ufe of when prepared upon land. The vale of Kennet, 
in Berkihire, contains vaft quantities of it, as well as fome 
other parts. It is a ftratified fuhftaticc which is dug from 
under the furface at the depth of from one to fix feet, laying 
below ftrata of fmall (hells and calcareous matter. In 
railing it, a peculiar kind of fpade is made ufe of, which 
cuts It in long pains, fomething like foap, which, when 
dry, are burnt into alhes and laid on the land, 'rhis fub- 
llance is found to contain the oxyd of iron, gypfum, and 
the muriates of fulphur and potalh, in the proportions of 
forty-eight, thirty-two, and twenty parts to that of one 
hundreo. 

It is fuggefied by the writer of the work on I-,anded Pro- 
perty,” that in moft mountainous dillridts, and many low 
fenny counties, immenfe colledions of vegetable mould or 
peat-earth lie in a ftate of negh df ; even in places where 
they might be converted to valuable purpofes ; not only 
fourccs of fuel merely, but as manure, either ufing the vege- 
tabli? matter in its raw date, or after being reduced to afhes, 
In all thefe fituations it might be readily dug up from dif- 
ferent places, and applied to different ufes in each of thefe 
ways, the pits or other fpots containing it working in a very 
cafy manner. The afhes of it are only employed on any 
large fcale in the above county. 

Culm, coal, and cannel, arc articles of the fuel kind, 
which are found in a vaft number of places, all over the 
kingdom in pits, mines, or quarries, ana which are of the 
greateft importance in many of them. Speaking of coals, 
the author of the work on “ Landed Property,” confiders 
them as rifing in the minds of moft men, far fuperior to moft 
other produAions and fubterraneous matters, whether they 
are held in tlie light of agriculture, manufaAures, or national 
defence. It is afked, if it were not for the collieries of this 
country, how many hundred thoufand acres of its land, 
which are now appropriated to cultivation, would be re- 
quired for the produAion of fuel ? How many maim- 
mAories, efpecially thofeof iron, which are fo very valuable 
to civilized fociety, would be cramped, retarded, and 
ftopped, in their progrefs and operations ? And how many 
hardy feamen would be w^anting to its navy ? Surely, in 
jhiis opinion, indigenous produdtion and material, on which 
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the profperity of the country fo greatly depends, is en titled 
to the guardian care of its government \ to afeerta in the 
prefent expenditure, and the probable ftock which is re- 
maining. Let us not, it is remarked, play the fpendthrift, 
and, by the follies of a day, entail centuries of want on gene- 
rations to come, and the curfes of millions on the memory of 
the prefent times. 

.11 endeavouring to find thefe forts of fubftances in parts 

?rc pits of them have not yet been wrought, the icarch- 
ing, it is fuppofed by the fame writer, (horld, in general, be 
done by the land proprietors of the particular ^aces, in 
conjoint manner. There are, however, certain inltarcea, 
which individuals may profccute the fcarch with p.*opriety, 
and in the moft beneficial manner. In doing which, the prin- 
cipal things to be guarded againll arc thoic of misjudgment 
and impofition. Hence the necell’ary prudence of endea- 
vouring to procure perfons of (kill and integrity for makhij 
fuch fearches ; which are, in the (iril place, to he attemptc 
by a clofe invelligation of fuperficial appearances, a. id then 
where thofe arc favourable in "heir nature, by the uic of tiie 
boring rod or tool. It is fuppofed hat, at prefent, there 
are none who are equal to fuch und' .akings, except thofe 
who have been long convevrant with the bufinefs of coal- 
works ; men wholuve an inlercft in the exifti g collieries or 
works of Unit kind. On this account it is ihoughl to be- 
come a mat ter of common prudence, in.’ gl’. j.i (ituation, to 
endeavour t' procure an und'‘rtalv'.r i r ovi -looker from a 
diftant 'vorti ; or (uch a one as can ha^'c no countcr-intereft 
to that of h’.j employer ; and then, cloJely to conneA and 
bind tb in in one common interdh After having had dilfcrcnt 
occafioji!) for onfidering the fubjed, and for bellowing no 
fmall though’ up it, t writer is of opinion that the moft 
eligible plan of pn. ^ceding, in fuch cafes, is that of agreeing 
with an overlooker, or undertaker, to pay him reafonably, 
but not extravagantly, for his time, and for his adual ex- 
pellees in profecutiiig the neceflary (earchc’t ; and, further, 
to agree to give him, in the event of fucceiV, a reward luifi- 
cient to call forth his bell exertions ; fuch reward to be 
payable, not on finding coal, but whenever the work, to be 
cllablifiied in confequence of the difeovery, Ihall have cleared 
the amount. In this way the proprietor will feel hiinfclf 
fccurc, wliile the perfon employed has the moil powerful 
ftimiilus to indullry, attention, and the accoinplilhment of 
the object of the undertaking. 

Culm and coal have been met with and wrought in fome 
degree, in Devonfhirc, Suflex, and fon. ‘other of the fouthern 
parts of the i(la..d ; but they cxill much more plentifully in 
the midland and more northern dillnds, as well as in fomc 
places in Wale.s and Scotland. In Glouccftcrihirc, coal 
abounds in moft parts of the foreft of Dean, and its vicinitiei, 
and probably to w: ^'in a fmall diftance of the county-town, 
as at Newent and Pauntlcy, where pits are ♦.•ftablilhed. 
Thofe of the foreft traAs are very numerous, but not fully 
wrought for want oi 'uTicient draining. Pits of this kind 
alfo exift in many peaces, in the lower vale part of the 
county. In this diltriA, liowever, the coals are no where 
of the bed quality. 

In the counties of Salop and Somerfet, coals alfo prevail 
very much, various pits of them in both, beii.g wrought to 
confiderable extent. Thofe in the northern part of the 
latter diftriA, have drat a of them which form an inclination 
of the plane of about nine inches in the yard ; and arc nine- 
teen in number. They are feldom wrought where lefs than 
fifteen inches in thicknefs, but they vary from ten inches to 
upwards of three feet. The working is performed at coii- 
fiderable depths, efpecially fince the eftablilhment of im- 
proved, machinery, and other means for raifing them. Tlic 
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t o.ilis ot the hrd quality, being- pure and durable in burn- 
ing, and from its firmnefs, largenefs, and (Irength of grain, 
cdp.ible of being cotiveyed to any di. lance without injury. 
At prefent the quantity raifed in thefc pits, is from fifteen 
hundred to two thoufand tons weekly, but much greater 
fiipplies could be afforded, if they were wanted. The works 
are twenty-fix in number, fome of which afford a good 
profit. 

'The pits in the foutherri part are upon a more limited fcale 
of work. In them the flrata of coal form an inclination of 
the plane of from eighteen to thirty inches in the yard ; but 
in fome it is deltroyed, and they defeend in a perpendicular 
manner. There are, in number, twenty-five, which are in 
thicknefs from fix inches to feven feet, being rarely wrought 
under eighteen inches. The depth of working is middling, 
but will be iiicreafed. The quality of the coal not the hell, 
but tokrably good. The tjuantity now raifed from theb: 
pitb is from eight hundred to a thoufand tons in the week, 
which might be eafily extended. The working profits are 
by no means great. There arc pits in other parts, but they 
are not many, or much WTought. 

Againft the apprehenfion of pits of this nature being ox- 
haufled or worn out in thefe places, it is conteiukd that 
more than treble the prefent quantity is capable of ’ eing 
raifed from the works already carried on, and that this in- 
creafed quantity might be fiipplied for fevcral hundred years 
to come. 

Tlie works and quantities of coals contained in the 
counties of Stafford, Derby, and Nottingham, an likcwife 
very great, and moll I y of good kinds ; pits of them being 
carried on in many places tovait extent. 

Cfu (lure, too, is a coal diilri£t, in which a greai variety 
of works for railing it are eltabblhed in different parts, and 
much of it, which is of a very good quality, gotten up. 
'‘rhe llrata of coal here in many cafes are feveral feet in 
thickuefs ; about Wirrall the feam is five or fix feet thick, 
and the works ex tenfive under the channel of the Dee. In 
fome works the beds of coal he at the depth of from frventy 
to one hundred yards below the fiirfacc of the ground, and 
are of different thickiieffes to ten feet or more. 

In Lancafhire, coal of good forts is moll abundant. The 
beds of it run acri^fs the county in fomewhat three different 
parts, as towards the fouth, nearly in the middle, and on 
the north-call part. Thofo in the two firll are of confi- 
derable breadths and thicknclfes in different parts, but the 
third is much lefs broad and very thin in many places. They 
all run, in fome degree, from the north-eafl to the fouth- 
wcll, conllantly keeping fomewhat the fame direction, 
though occalionally branching out in a lateral manner to 
fome extent, '^rhe works on each. of thefe different lines of 
coal flrata, efpecially the two moll towards the fouth, are 
very numerous, and, in different inllances, of very confi- 
derahle extent. There are fome alfo eflablifhed on tlie 
northern line, but they arc of a far more limited nature. 
The layers or flrata of the coals are of various widths, from 
a few yards to a very great diflance, and their depths or 
thickiieffes from a few inches to fix or feven feet. They lie 
at very dift’erent d- pths from the furfacc of the earth, ac- 
cording to circumftances and fituation ; on the eallern fide 
of the county they fometimes nearly appear on the top of 
the ground, while in the middle, and towards the fouth- 
weft, they are often a confiderable number of yards deep. 
All about moll of the large towns in the fouthern parts of 
the dillndl very extenfive works are eflablifhed, where im- 
menfe quantities of coals are raifed for home ufe, as well as 
being lent coaftways, and, in fome cafes, for exportation. 
I'hey are a fort of material which is of vaft importance to 
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the manufacturing ftate of the county, and which contri* 
butes greatly to its profperity. The quantity is fo greats 
when confidered as a whole, that they would feem to be al- 
moft inexhauftiblc. 

The cannel coal, which is a fort that has fome rcfemblance 
to fine black marble, is principally found and raifed in the 
tradt about liaigh, near Wigan, which is not more than a 
few miles fquare. It lies in pretty thick flrata, at the depth 
of from five to feven or eight yards from the furface. It is 
of a very fine, hard, inflammable quality, being got up by 
(harp picks, often with confiderable labour, and for which 
there is much demand, for domcttic ufe, in the neighbour- 
hood. 

Coals alfo abound in the neighbouring counties of Cum- 
berland and Northumberland, being found in many parts of 
the eaftern mountains, and, with not many exceptions, all 
along the tra6t, which extends in different degrees of 
breadth, from Sebergham to Whitehaven, and along the 
coall to Maryport, forming and comprehending a diftridl of 
about one hundred fquare miles, in the former. And they are 
met with in great plenty throughout the greatefl part of the 
Litter <*oiiiity, particularly in tne lower diflri^t of it ; being 
of the bell qiiallly, and the molt numerous, and thickeft 
feams, in the fouth-call quarter ; whence thofe vaft quanti- 
ties arc exported which fupply the great confurnption of the 
London market, as well as the coalling and foreign trade. 
A trade which is the foundation of the commerce of the 
country, and the principal fource of its wealth, as well as a 
never failing nurlery for fome of the bell fcamen of the 
Britilh navy. The former county has likewife works which 
fupply prodigious quantities, both for home confurnption 
and the coaltways and export trade. Cannel coal is alio 
raifed in this dillridl in pretty large luppHcs in the neigh- 
bourhoods of Caldbeck and Bolton. 

Large portions of this article arc likcwife raifed from the 
works in the county of Durham, which in forne parts are 
carried on with much fpirit and enterpri/.e. 

Coals are found, and raifed in full fupphes, in many 
places, in moll of the count ies of Scotland, fo far as Pertli- 
Ihire ; but they have not been met with any farther towards 
the north in any fufficient quantities. Where they exift, to 
any extent, in thefe fit nations, they are geneially of good 
kinds, and capable of being got up without aLy great dif- 
ficulty, fcldoin lying at any very great depth below the 
furface. 

It has been contended by fome, that the coals in tlie 
pits and otlur places, m this country, are inexhauftible, 
while others maintain the contrary to be the cafe ; as the 
mailer relates to the county of Northumberland, we have 
th*' following calculations, on the authority of the writers 
of tlie Agricultural Report of that diftriA. And they 
may perhaps equally apply to others. It is fuppofed, that 
towards elucidating this point, it may be of fome ufe to 
elliinate wdiat number of acres arc wrought yearly in the 
county to fupply the iicceffary confurnption. In order to 
accomplilh this objcdl, the thicknefs and number of work- 
able feams of coal muil be firll afeertaiued ; for which pur- 
pofe they liavc been favoured with fedlions, exhibiting the 
thicknefs and deptli of the various ftrata, in fome of the 
deepeft pits in the county, one of wliich has a depth of two 
hundred and feven yards, with fixteen feams of coals ; the 
other a depth of two hundred and forty yards, with fifteen 
feams ; confequently, if the medium be taken betwixt the 
two, it will be nearly fix ' yards thick of workable co^il ; 
from which may be formed, it is thought, a calculation of 
the quantity of coal in an acre of ground, fuppofing the ag- 
gregate thicknefs of the various feams amount to fix yards. 
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An acre of ground contains - 4840 fquare yards, 

which, multiplied by the thichnefs 6 yards, 

gives . - - 29040 cubic yards in 

From which deduft ^;d for wailc and | 

the parts or pillars nccefi'ary to be > 9680 
left in working - - J 

iIktc remains 19360 cubic ytards to 
he wrought. 

And as three cubic yards of coal, when wrought, afford 
a Newcullle chaldron, therefore 

19360 = gives 6453 Newcaffle chaU 

drons per acre, 

divided by 3 

The coals exported yearly from tlie rivers Tyne and 
Wear, with Hartley and Blj^h, amount to about 825,000 
chaldrons, which, with the Innnc-coufumption of tin* two 
counties of Northumberland and Durham, will make tlie 
quantity of coals raifed yearly about 1,000,000 chaldrons. 

And the chaldrons*} j ^000,000 — gives 155 acres nearly 

raifed yearly 3 per year, clivrrd td 

divided by the chal- ) ^ I* ^ 

drons per acre 3 ‘ 1 1 • 

And by effimating the breadth occupied by the caking 
coals to be on the average eight miles broad, and twenty-live 
miles long in the two counties, it is found that there will he 
about two hundred fquare miles, or 128,000 acres ol coal 
proper for exportation. 

From N*‘wcatlle 510,000 chaldrons. 

Sunderland 315,000 ditto. 


In all 825,000 
Then the whole area 128,000 

divided by the! — 

yearly confump- > 15S 


825 y^ars. The time 
before this fpace will 
be wrought out. 


tion • J , r r ^ 

It is, however, fuggeiled, tliat there are fomo reafons to 

fuppofe that a tliickm-fs of fcam equal to lix yards will not 
be obtained all over an extent of two liundred Iquare miles, 
probably not more, on an average, than four yards ; in 
which cafe the coal will be exhaulled in five hun<ked and 
fifty years. And if the aggregate thicknefs of the learns 
to bo obtained (hould prove only three yards, then little 
more than four hundred will the term of continuance; 
but it is probable, it is thought, that before the halt ot 
that time be clapfed, the jirice to the confumer will be con- 
fiderably increafed from the increafed expence of obtaining 
them, and tlie increafed length of carnage trom the pus to 
the rivers ; this lad, it is prefnmed, may be reduced in fome 
fituations, by adopting canals inftead of waggon-ways, 
which, it has often been wondered at, have never yet bwn 
attempted. From this inveftigation, it is fnggelted, that 
the apprehenfions of cxhaullion are not fo chimerical as they 
have iK-en funpofed and reprefented to be by fome pcrlons. 
When, however, the vaft extent of the working and uii- 
wrought traas, in the different parts of tlie t_ountry, are 
confidcred, there cannol be any grounds for fear, in this 
refuea, for a vad length of time yet to come. 

Pits, fome what of the quarry kind, are wTOUght m one 
didria of th s country, that ot Chednre, 
rock fait, m lomc of which large "^Su ^hidt- 

are procured, from diftcrerit depths, and i _ Jiff,.reiit 
nedes of the drata of it. In the ^tting of it diffcixnt 

means are employed, as thofc of blading, pic r 

plements, for the purpofe of roofing, the «fir.K of horfcs, 

and machinery wrought by fteam, lor forcing up the fub- 
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llance, and fome others. The digging, raifmg, and work- 
ing of this article, employs a great number of labourers, and 
it is of much importance to the county iu many points of 
view. 

But though this fort of material is foiiml in feveral dif- 
ferent parts of the county, pits, or (hafts of it, are at this 
tunc only wrought iu the vicinity of the town of North- 
wich. This ariies from u great many dilh'n'iil caiiles, Init 
principally from that of the want of water-rarriagi' the 
conveyance of the material from lliein. Tlie number of 
pits or ihafts, which there are at tliis time iu work, for 
the purpofe of raifmg this article, are about a ilo/en. They 
arc by much tlie mott conirnouly made in fomfiliing of the 
fquare form, being fecured on tli(‘ fuies by ira ans of llrong 
timber, but they have occallonally a round fuiin, and are 
walled on the iides with bricks. 

The beds of this material, that are to be raifed, are 
wrought at various depths, the dei pell Ivnig in general tlie 
moil pure, and they vary equally in their lliicknels and 
directions, as iuggeited above. In fome cafes the beds are 
of the grealelt thicknefs, the more they approach the 
iiorth-eail, decrealing in a gradual mawner, in their courfe 
to the foiith-vvelt ; and in fome inllances they iru line from 
north- well to fouth-eaff, dipping at the rate of about three 
feet in twenty-feven or thirty. 

The llrata, which are paffed tlirough in gt'tling at and 
working the rock-falt, lie in a very regular manner, and 
cowlilt, in gtMieral, of a liard clayty fubllance and a lort 
of gypfeoiis material in mixture in various ways and pro- 
portions, that of the latter kind bfing the moll predomi- 
nant UvS the pit or fluift approaches the rocky faline fub- 
llance. In working, the clayey matter is defignated by 
tlie name of metal of the feveral different colours belonging 
to that lort of fubdimcc, and the other material by that 
of p/ai/kr. Tin fe llrata arc rnollly of a folid compadt 
nature, but oecafionally broken in particular places, when 
the metal is termed by the workmen. 

In tin' bufincls ol working the pits, and railing the rock* 
fall, the rocky beds are reduced into pieces of proper fizes 
for the purpofe, by means of blowing them with gun- 
powder, and thofc of Iplitting and dividing them with ham- 
mers and proper wedges for fiich ufes ; a good feeure head- 
way or rooting being coiiilaiitly provided in the firli place, 
to the opening from which the fait -rock is to be taken, 
which is elTcded by the ufe of finall fharp picks, carrying 
on the work in a plain Ample chambering mauuer. 

The workings are funk from thefe chamberings to dif- 
ferent depths, as the nature of the beds of rock, and the 
quantity of the purer kind of rock-falt, or Pruffian rock, 
as the workmen term it, may diredt ; but commonly about 
fifteen feet. Occaliomdly the roofs or Jieadways of the 
pits or fiiafts are fupported by conlidcrable fquare pillars 
difpofed in a fomewhat regular manner, but in other cafes 
tliey are wrought out in a fort of long openings, accord- 
ing as the workmen are inclined. 

in getting the rock-falt, the workmen arc paid by the 
ton at the rate ufunlly of about two Ihillmgs, they finding 
the gunpowder and other tools. 

In raifmg the lair from the pits or Aiafts, horfes were 
formerly entirely made ufe of, but within thefe few years, 
rccourfe lias been had to the improved ffeam-engiue, as 
already noticed, though it is not yet generally employed at 
every pit* Sec Rock-salt, Rock-sal i JPUs^ Salt, and 
Salt Brine Springs. 

It is evident from the above account, that in whatever 
way tliey are confidcred, the quarries of different kinds 
in this country arc of very material importance to its 
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prot'perity and convenience ; contributing largely to the 
carrying on of difl'erent forts of works and improvements. 
Without them much ufeful labour muft be vholly at a (land ; 
a variety of neceflury bufinclfcs be incapable of being car- 
ried on ; and tlie effedls of it upon various arts and manu- 
fadlurcs, be much too ferious to be thought upon. In 
fliort, llie numeroiH fubflances of different kinds, which are 
taken from the howcN of the earth in this country, con- 
flitiitc one great fource of our national wealth and pro- 
fpenty, 

Quarkiks, Pitst &c. Draining of, the proper, moft 
convenient, and appropriate means of rendering all fuch forts 
of work* dry, five from water, and in a fit flate to be 
wrought with eafe airi advantage. In the cfrc<^tual per- 
formance of all kinds of iindertaking*^ of this iiatifre, there 
is occafion for the application of the fame principles, which 
are fpokcu of and exj>lairi(*d in cotifidering the nature of 
draining land in general, and tlie particular manner which 
is neceliarv to be piirfued in the praftice of fpring drain- 
ing. See Draining of Land, and 

There can be no doubt, indeed, but that the having re- 
courfe to fuel* principles, and the modes of praftice refult- 
ing from them, will be equally expeditious, beneficial, and 
fuccefsful, as well as in many fituations of very material 
importance, in tlie various cafes of this fort, as in thofe which 
have been mentioned ; by leading to and introducing the 
mofl ready and eafy means of diininifhing the quantities 
of water, which are frequently met with in the courfe of 
working them, and which not iinfrequcntly obfirudi and 
hinder in a very high degree, but fometimes wholly put a 
ftop to the work which is carrying on in them. Such, at 
leaii, is very often the cafe in quarries of the frce-ltone, 
lime-llone, liag-ftone, marie, and other kinds, as well as in 
its of the coal and other forts. The want of this fort of 
nowledgc, of courfe, is one great caufe why fuch a 
number of quarries and works of that kind, in different 
parts, often lie altogether, or for a great length of time, in 
an unwrought Hate ; which might otlierwife be wrought to 
very great advantage. 

As it is now well nndcrftood, that molt fprings and fub- 
terraneous colle6tion8 of water are formed and fupplied 
from fuch grounds or lands as lie higlier than that of the 
places where they arc found or met with, which, on ac- 
count of their being of an open or porous nature, admit 
that of rain and other forts of moillure to filtrate and pais 
freely through them, which finking and defeending to very 
great depths, through fuch open materials of the rocky, 
randy, gravelly, and other loole qualities, before it becomes 
impeded and obllruftcd by fomc fort of impenetrable lira- 
turn or layer of an earthy or folid llony nature, fuch for 
iiiHance as thofe of pure lliff clay or compadl rock ; it may 
happen, that in many fuch cafes, in finking pits or fliafts 
for Hone, coal, or any other kind of fubterraneous material 
near the bottoms of hills or high grounds, beds of quick- 
fand will be met with, and dug into, which are fo full of 
water, that to pafs through them becomes a moft trouble- 
fomc, difficult, and expenfive piece of work, and fomc- 
times impoffible to be performed, but which, from knowing 
that the water proceeds from the porous ground that lies 
above, it may often be pradlicable to intercept and cut off 
the greater part of the water, before it reaches fuch fand 
beds ill the quarries, pits, and (hafts, by the means of 
boring into and tapping the water at the tail of the hanks 
of this nature, provided that the ground naturally declines 
lower than the place where the fand is found in the quar- 
rics> pits, &c., and the whole or moft of the water be 
drawn oft, and diverted from them at a comparatively 
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trilling expence to that which is employed as the common 
reme^ in fuch cafes and circumftances. 

In order to accomplilh this intention, it will be neceftary, 
in afeending from the quarry or pit, to carefully examine 
and afcertain, if at any place higher on the declivity, any 
porous ttratnm, bed of rock, land, or gravel, tails out, 
which may condu6l and convey the water contained in it 
to the fand bed, which is below in the works ; and where 
any fuch bed is found, to cut or bore into it in fuch a 
manner as to form a drain, that is capable of carrying away 
the whole or the greateft part of the water, and of 
courfe to clear, or diminilh the quantity contained in the 
quarry or pit, whicli would otlierwife have continued to 
defeend through fuch porous fubftrata or beds, and have 
continued to fill the fands, or quarries and pits. 

But although this part of the bulinefs may have been ac- 
complillied, and the fupply of water from the higher ground 
entirely cut oft’, a fufiicient quantity to injure, hinder, and 
iiiconvenieuce the w'orkiiig of the quarries or pits, may yet 
continue to drain and ooze from the Tides of the fand beds, 
notwithftanding they (hould happen to dip towards the 
lower ground, in whicli cafes, however, that water may 
readily and with great eafe be commonly drawn off at fomc 
particular point in it. 

In order to eftedt this, and thereby remove the incon- 
venience of this filtrating water, in defeending from the 
quarries or pits along the declivity, it (hould be endeavoured 
to difeover and afcertain, at what particular point or place 
in the low ground, the fand terminates or tails out, which 
is moftly bell accomplilhed by means of proper levelling ; 
and if there lliould be there any appearance of the waters 
having a natural outlet, it may, by means of making in it 
a deep drain, be far more readily and effeftually drawn oft‘ 
and removed ; as fprings, for the moft part, naturally pafs 
and flow through narrow, winding, convoluted openings, 
or perforations ; of courle, whenever the orifices or pafl’agci 
are opened, enlarged, or made lower than before, the dif- 
charge of water becomes greater and more expeditious. 
Where, however, there happens to be a deep imper- 
vious layer or covering of clay, or other matter of a 
fimilar nature, placed above or upon tlie tennination or tail 
of the fand, the drain need only be cut down to it or a 
little way into it, as by means of boring through it, or the 
remaining portion of it, a ready and eafy outlet or paffage 
may be given to the whole of the water, that may be con- 
tained in the land-bed or other porous ftratum. 

This mode of draining quarries and pits may often be of 
great utility, advantage, and convenience, as it will alfo, 
in a great d^ree, remove, or at any rate relieve, the 
trouble and dimculty that would afterwards have attended 
the finking the quarry, pit, or (haft ; as the water thus 
drawm or cut oft’, muft of neceflity diminilh and reduce the 
quantity, which would have been found at a greater depth, 
the fame body of it probably pafling downwards from one 
llratum to another, as far as they continue to be porous, or 
capable of admitting it. Therefore, it is of very material im- 
portance to drain and lay dry all fuch ground as is lituated 
higher, but cuntiguous to quarries, pits, or other deep fubter- 
raneous works of the fame kind, for the above ftated reafons. 
And it may, in general, be accomplilhed with but little 
trouble, difficulty, or expence, by adopting the fame prin- 
ciples, and the fame means. 

But in regard to the removal of the water found and con- 
tained in the bottoms of fuch quarries, pits, or deep works, 
it muft be drained oft and got rid of in quite a different man- 
ner, as the level of the ground may probably be, or decline, 
nowhere lower than the mouths or openings of fuch quarrieSf 
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pits, &c. ; as it is folcly and particularly on the fuppofition, and 
in fuch cafes as where the direction of the different ffrata and 
fand-beds have a dipping pofition with the natural inclination 
of the furface of the land, or lie nearly horizontally, that 
the method of proceeding which is Hated above is praaicable, 
or capable of being employed with any fort of advantage. 
But ihould they, for inftanco, lie in a reverfe or contrary di- 
redion, there is but little poflibility or chance of accom* 
pliftiing the obje£l, the removal of the water, unlcfs by dif- 
covering or hitting on their terminations, fomewhere on the 
oppofite fidcs of the hills or elevations, which in fome cafes 
may very nearly or exadtly be found out, by afcertaining 
the precife inclination or diredtion of the materials of the 
quarries, pits, &c. and by a careful and exadt ufc of the 
level. But this will be much better comprehended, and a 
more clear, full, and perfedt notion of its nature be afforded, 
by the feAion figure in the plate on drainijig quarries, pits, 
&C. in agriculture, as given by Mr. Elkington, in Ins work 
on that fubjedl. 

This is the manner which is to be purfued in preventing the 
cfledls of water, or cutting off that which is met with in 
finking the quarries, pits, Hiafts, or other fimilar works, 
before reaching or arriving at the ftone, coal, or other fort 
of material that may be wanted ; but that which is found in 
the bottoms of thefe different kinds of undertakings, or 
which proceeds from the rocks or their fides, or in other 
ways, in the courfc of working them, is commonly got quit 
of by means of fome fort of machinery, as that of the en- 
gine or other kind of pump, in order to afiill in working of 
which, the water gained by cutting the drams already noticed 
may be particulady ufeful, efpccially where the iifual Hrcam 
for that purpofe is iiifufficicMit in faving the great expcncc 
of working fuch machinery by the power of fleam. But 
without the aid of a natural dream, which is cajiable of being 
converted to this purpofe, it is rarely poffible to find, by 
means of drains, or in any other way, a quantity of water 
fufficient to drive fuch weighty machinery, in a litiiation of 
proper height, to have the full and ncceftary command of it. 
However, in many cafes it may be an acquilition of great 
utility and value. It is explained at 2 . in ihe lame jilate. 

In fome lituiitions, where a uiU and proper command of 
water can be had, and where the entrance to the quarry, 
pit, fliuft, &c. is alfo fuitable for the purpofe, the ufe to 
which it may be converted and applied is Hill more important 
and advantageous, as the driv\ig of machinery for bringing 
out the various kinds «f materials, and at the fame time 
working an engine-pump, in order to clear the works of the 
fubterraiicous water which flows from the cavities of the 
rocks, which are met within working thefe forts of pits, &c. 

It has been remarked in Mr. Klkington’s work on drain- 
incr, in thefe cafes, that the duke of Buccleiigh’s coal-works, 
near Langholm, in the county of Dumfries, afford a Hriking 
example of this, as well as of the fuperior powers of water and 
machinery, when properly combined, w'herc a command of 
the former can be had, and when the latter is conllruaed on 
proper principles, and conduiJHetl w'ith that care and ingenuity 
which are requifite in fuch difficult undertakings. 

Ill working quarries of lime-Hone, free-Hone, and other 
forts of materials, it not un frequently happens, that, at a 
certain depth, part of the rock or other body, 
tains the water, is hit upon, by which they are foon fo filled 
with it, as completely to put a Itop to the work proceeding 
any deeper, where the belt and often the greatelt part of the 
ftone 18 fituated. In all fuch cafes, the moH ufual remedies 
have been, eitlier the eredion of a wind-mill pump, to draw 
out part of the water, as the whole cannot be taken awaj 
by fuch mean*, or the opening of a new quarry or pit 


contiguous to the other, which at the fame depth moHly 
meets with a fimilar obHrudion, or the bringing up of a very 
deep cut, often at great expcnce, under the level of the 
water, from the neareft declivity or hollow that can be met 
with. However, by the following method, all quarries of 
hme-llone, frec-Hone, marie, or ottier materials of the fame 
nature, which arc liable to Inch lort of obllrudion, may be 
completely and cflcdtiially cleared of the water at but little 
expcnce ; while, at the lame time, the dr^in which is made 
may Urvethe double purpofe i^f that, and the laying of the 
wet ground, caiifed by tlie fpring contained in the rock, 
whicn is found contiguous to it, dry. 

There commonly fics, immediately under the rock, a bed 
of Hrong, lliir, retentive clay, w Inch upholds all the water 
received and retained by that rocky Hralum, and which be- 
ing, at the fame time, bound round on each fide by a cover- 
ing of the lame fort of clayey material, or othey Hiff earthy 
fiibllance, is not able to difeharge itlclf, and of courfe con- 
Hdiilly remains or Hands full in the rock, fo as to prevent the 
working or taking out the flone from the bottom. 

In fuch calesii is neceilary,in the firil place, to endeavour 
to find to what lidc the rock dips or inclines, which, in general, 
may calily be afcertaincd by the appearance of the furface, in 
examining the furrounding ground, and the aid of a proper 
level. When this has been difcovercd and lully alcertaiiied, 
a fuitable dram mull be' cut tliroiigli the clayey covering to 
the rock, by which the water will be drawn olf, which, for 
want of a proper outlet, formerly flood pent up in the hol- 
lows and cavities of the ilony Hraiurn or body. This is fur- 
ther and more fully explained by figs^ 3 and 4, in the fame 
plate. 

But, in fome cafes, this fort of evil or inconvenience may 
bo removed and remedied in a different \vay. As it frequently 
happens- that a bid or body of the fame Hone, which has a 
clofe, compadl nature or quality, is found lying under one 
which has a more open porous texture, with lifl'ures and 
cracks in it, tlial are admiffible of water, which obHrudls 
and keeps up the water m the upper bed or layer, in fuch a 
mamior, that not any of it can pafs or filtrate through it to 
ail inferior, or Hill deeper open iiralum or bed ; and on fink- 
ing or cutting through this compadt bed of Hone, another 
layer is met with, whicli is of fo open and porous a nature, 
as to admit the reception of any water from tlie above one, 
which may come upon it. 

And fometimes a bed of gravel or fund is found under that 
of the clofe Hone, whicli being Hill more capdile of ab- 
forbing or taking up any water that may be let uown to it, is 
far better and more jiropi rly fuited for llic purpofe of clearing 
tlic upjjtr bed of Hone from water, than a flraturn of open 
Hone itfeif. 

Therefore, when tin’s is difeovered and afcerlained to be 
the cafe, and the water is lept up by the fccond bed id' Hone, 
fo as to bt‘ injurious and hurtful to the working of the upper 
bed, and which will be equally fo in working the fecoiid ; 
the work may be gr^^atly freed and relieved by boring thro ugh 
the clofe bed of Hone, and letting down the water into the 
more porous one below, or into a Hratum or body of dry 
fand or gravel, Ihould there be fuch a one underneath it. 
But in place of boring, the finking of fmall pits through 
the clofc Hone is a more cfl’cftual method of Icttiiig down the 
water, though a much more difficult one in the execution. 

The methods of digging and boring, even in the bottoms 
of quarries, pits, and (hafts, where pumps and other machinery 
of the fame nature are made ufe of, as has been noticed above, 
may, in fome cafes, not only be praiSlicable, but advantageous 
for letting down the water which they contain into an infe- 
rior open Hratum. 
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Tiir\t of borinpr has been pra<!\:ifcd with complete fuccefs 
in the calo of a colliery in the county of York, which had 
been wroiiirlu many years, and in which the wat^T was raifed 
about (ixly yard; by a ileam-engine ; the proprietors of 
which, on borinjr down from the bottom of the pit next to 
th.' <-;iiri.ie-pit, to the fiirtfier d(_])th of about ten yards, in 
order U> afeertain tin: depth (wtiiicknel's of a feam of coals, 
which was fnppoied to lie below th(>f<? then wronirht ; the 
workmen, on taking out the boring rods, found that the 
water from the works, which ufually ran acrofs the bottom 
of this pit to the cnginc-pnmp, now ran down the lioles they 
had made. Aii<l that the llcam-engine pump, on being fet 
to work, contained little or no water, it having efcaped 
tlijougli tliefe holes, and continued to run through the fame 
ever afterwards, rendering the pump iifelcfs. It is remarked, 
that this inllance of water at fo great a depth from the fur. 
face, fuulmg a pallage at a further d' ptii of ten yards, or 
lefs, and immediately below, is extremely fingnlar ai'd linking 
in its nature. The iituation was mucli higher than the nearelt 
contiguous vallies, or the level of the hra. Trials of this 
fort can feldom be made, therefore the cafes are rare, un- 
common, and curious. But in extenlivo tradis of level land, 
where lakes or moralles have been formed, and which cannot 
belaid dry by cutting open drains, or driving levels through 
rocks, except at an expence for which the lands, when 
drained, would never compeiifate, the above inilances war 
rant the trial of experiments with boring rods, which, if not 
attended with fuccefs, can be made at little expencc. 

In the county of I^ancafter, about the town of Orm- 
llcirk, as well as in fome other parts, Hone quarries are 
cleared of water exadlly in the manner which has been al- 
ready pointed out, but which 5 . in the plate will explain 
much better. 

The fuccefs of the pradlicc has likewife been farther 
Ihcwn by the late T. Ecclcllon, cfq. of Scarrilbrick-hall, 
an ilgenious and extenfive proprietor of land in the fame 
neighbourhood, who remarks, that in Hone quarries there- 
abouts, wells or pits are occaiioiully funk to the open bed, 
which have proved ferviceable. This mode was pradlifed 
in a Hone delf near the above town in a very bcnclicial 
manner. But in order to lay the delf more effeClually dry 
to a greater deptfi, Mr. Elkington, on viewing tlic fur- 
roundiiig ground, marked out where he thought the rock 
terminated, or tailed out, and at the lowcH level fet out a 
drain to be cut and carried up to the rock, part of which 
work has been executed, and a very confidcrable flow of 
water comes from it ; but on account of its great depth, 
fixtecn feet, tlie wliole will not be fnulhcd before he lias 
feen the work again. 7 ^he drain he has thus laid out is 
about ten feet lower than tlic bottom of the Hone quarry, 
and when completed, will lay the head or body of Hone dry 
lower than the prefent floor. All rocks, for the moH part, 
where they terminate, are fucceeded by broken loofe Hones 
of the fame nature as the rock, and they are frequently, nay 
almoH always, fucceeded by fand, which, when in a tliick 
bed, and of a running nature, fuch us quickfand, often 
caufe great expence in culling through to tlie tail end of 
any rock. 7”‘hi8 is more fully explained in fpeaking of the 
manner of draining in hilly lauds, and where the foils are 
of a mixed nature. See Sjmiinc;- 

Therefore, in all fuch cafes as this, where there is any 
danger of meeting a quickfand, boring or finking pits 
through the bed of clofe Hon<*, is by much the moH ad- 
vifeabYe, and at the fame time the leaH expenlive method 
that can he purfued. 

The Htuatmns of marie pits are for the moH part fuch, 
that they require very extenfive cuts to be made through 
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fomo parts of the furroircding banks or fides of them, in 
ord-.r to carry or c uivc) off the fup Tabundaiit quantity of 
water v/liich jmwi iits lliiir being dug or wTought to advan- 
tage. 7 ''hiJ 5 bunnefci might frequejilly be cHVdtcd in a much 
Ill's troiiblcfomc and expvnfive inaniur, by the method of 
letting the wi.ter do.vn by means of fl’.d'uig pits or openings 
through the retaining and upholding lliAtutn underneath 
the bed of marie, i^'to Ibm/' ubforbeiit porous body of mate- 
rials lying Hill de per, which is capable of receiving it. 
Where th ' fp^cc of ground that is occupied by the marie is 
of confidcrable lize, Icveral pits will be required, in order to 
effedtually carry ofl the water ; and where it is neceflary 
that they fhould be fo deep as to be in danger of falling in, 
they ouglit tq be walled round the fides, or filled up to near 
the top wdth loofe Hones, through wiiich the water can fettle 
and find its way. And any Inch crofs drains or cuts as 
may be neceflary for the purpofe of colledfing the water 
muH be fo formed and conduced as to lead into the pits. 
But in many cafes the water may be removed and got rid of 
in a Hill more eafy manner, efpcciall} where the fit nation of 
the ground is favourable and fuited to the purpofe. In 
inHances wdierc the furrounding banks decline or fall on the 
oppofite fides lower than the water, by cuttingdrainsinto them, 
and boring with an horizontal auger into the tails of the 
Hrata containing tlie water, it may be drawn off and brought 
down to a level lower than that of the bed or body of marie. 
And as this water is not unfivqucntly fiippli'^d by a fpring 
which rifes in fome part of the higher ground, and defeends 
into the place where the marie is found, it will be neceff'ary, 
in all fuch cafes, to cut off* the fource of it, and divert the 
flow of water into fome other channel ; as by that means 
the quantity of water bclow' will be leflened, and more eafily 
and readily carried off by the pits or drains which may have 
been formed. 

Mines and (hafts, for the purpofe of raifing different forts 
of metals, are often mucli impi ded, or wholly prevented 
from being wrought by the \s ater which is brought into 
them from a diHance, by various kinds of mineral Hrata. 
In many fuch cafes, the water flowing in this way may be 
intercepted, by making cuts up to the lowcH banks of them, 
from fome neighbouring water-courle, or other convenient 
outlet, and then boring or digging })its in the bottoms of 
fuch cuts, when the metals to (ucli depths or levels will be 
rendered free from water, and capable of being wrought. 
This will, however, be more amply ihevvn in coniidcring the 
manner of draining, in fome calcs of vvetnefs, caufed bv 
fprings arifing in this way. See Svni^u-Dram'w^, 

In removing the water, or freeing the bottoms cf quarries 
and pits from it, where machinery is required, the writer of 
the work on I^aiided Property’' lias remarkv'd, that in 
cafes where Jhaft-drains arc found to be impraZticable, wed* 
drains and pumps become neceffary, and are the moH proper ; 
as they may be wrought by water, where Hreams can be 
condufled to them ; or by wind in high expofed fituations ; 
or in works of confcquence, where fuel is moderately cheap, 
by fmall Hearn -engines. However, in inHances where large 
bodies of water are required to be raifed and difeharged at 
the height of a few feet only, marfh-mills, fuch as are made 
life of in low marffi-land diliriAs, are found the readieH and 
moH ufeful kind of machinery for the purpofe. 

In fome cafes of this nature, the bottoms of quarries, pits, 
and mines, may be cleared from water, fimply by forming 
openings into them from fome parts of the neighbouriiig 
ground where it falls lower than the levels of them, at fufn- 
ciently (hort diHances, without any other more expenfive 
works being undertaken for the purpofe. This (hould 
always be fully confidered before any means are reforted to 
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for hying them dry, m it may occafionally be the faving 
of much labour, trouble, and money. * 

Quaruy, in Glaxiervy a pane, or piece of glifs, cut in 
a lozenge, or diamond-form. 

The word feems formed by corruption, from quarreU 
(which fee) ; unlefs we will fuppofe it to come immediately 
ihrom the French quarre^ fquare. 

Quarries, or quarrels of glafs, arc of two kind? ; viV.. 
fquare and long, each of which is of different fizcs, expreffed 
by the number of pieces which make a foot of glafs ; vt%, 
Sths, loths, laths, lyths, iBtlis, and zoths; but all the 
(izes are cut to the fame angle, the acute angle being 77^ 
19^ in the fquare quarries, and 67° 22' in the long ones. 

Quarry, in Falconry^ is the gume, or fowl, which the 
hawk is in purfuit of, or has killed. 

Quarry, among Huntersy is fometimes ufed foi part of 
the vifeera of the bcaft taken ; given by way of reward to 
the hounds. 

QuARRY-C/zr/, a name commonly given to that fort of 
cart which is principally employed in the work of quarries, 
and which is generally of a low, compact, ftrong kind, in 
its nature, form, and manner of conftruftion, in order to 
fuitain heavy weights, and receive them without difficulty, 
or the danger of being dellroyed. Carts for this purpofe 
fhould always be made of wcll-feafoned wood, be well put 
together, and have fufficient ftrength of timber in thofe 
parts where the main ffrefs of the load is placed. See 
Cart. 

Some quarry counties have well-formed carts of this 
nature, as many of thofe towards the northern boundaries 
of the kingdom. 

Quarry or Trucky a fmall carriage of the low 
truck kind, which is much employed in the bufjiiefs of 
quarries, cfpecially thofe of the Date kinds, for the purpoh* 
of holding and conveying the rough materials, which have 
been blown from the large mafl'y rocks, or feparated in 
other ways, out of or from the quarries and pits in wliich 
they arc fit 11 a ted and contained, to the places where they 
are to receive their different preparations and fliapcs. 

It is formed and conftrudted on a frame fomewhaj fimiLir 
to that of the common barrow, and mounted on two low 
light iron wheels on the fore part, having two feet behind, 
projedliiig from the frame, bent fomething in the manner of 
the letter S, and of fufficient length to let it lland or rell 
in a horizontal pofition while ix is in the of being load' d. 
Thcfe feet are ufually made of iron, but they may be formed 
of other materials. A fort of inclined plain is formed from 
the bottoms of the quarries or pits, up which it is forced, 
with great eafe and facility, by the workmen, or fmall 
animals of the horfe kind, after being filled with thcfe 
forts of heavy materials. It is a very uleful and convenient 
machine in this application, being met with in molt of the 
(late quarries in the northern part of Lancalhire, as well as 
in thofe of many other diftridts of the kingdom. 

QUARRYING, the bnliiiefs of direaing and conduct- 
ing the nature and management of finking the diflerent 
kinds of quarries, pits, and (hafts, as well as of the drtierent 
forts of work which are neceffary to be undertaken, carried 
on, and performed, in the feveral different defcriptions of 
them ; fuch as thofe of feparating, getting up, and pre- 
paring the various forts of materials for ufe in the arts, r»r 
in other ways. It is a practice which requires confiderable 
knowledge and experience, to be fully mailer of it in all its 
different bearings and intentions. See Quarry, and Quar- 
HYINO Slaies and Sionfs, 

Alinoll every fort of qnarrying-work requires a different 
kind of managementi not only in the opening and finking 
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the quarries and pits in the grounds at firll, but afterwards 
in the methods and pradlices of working them, and getting 
Up the various forts of materials from them, as well as iu 
the modes of preparing, trimming, and arranging them, 
after they have been raifed. They are, however, molUy 
well known and familiar to the quarry. men and pit-men 
who are ufually engaged in works of the feveral different 
kinds. 

Quarr'^ing S lairs and Stones y the methods of preparing 
and filling them for their different ufes and applications at the 
quarries and pits where they have been raifed. The fonner 
of thefe articles, particularly ihote of the blue, green, and 
purple or blackiOi kinds, undergo feveral diflerent forts of 
prcjiarai ion in the quarrying,' according to the purpofes to 
which they arc to be afterwards applied. They are feparated 
and divided into very thin pieces or dates, where liglit, neat 
coverings are required, or in much demand ; but for more 
ftrong did heavy coverings, m expoled lit uat ions, or oilier 
places, they are fplit into much thicker flieelK, layers, or 
flates, and are, of courfe, more climify in their appearance. 

Each lort in the bufinefs of quarrying is wrouglil in a fe- 
parate manner, and packed up by itfelf ; the* difiereiit fortv 
having appropriate names, as has been already feen. 

The vidiiteor brown flates are never divided and prepared 
in fo fine a w.iy as the other kinds, but feparated into much 
thicker flakes or laminae, in this intention. The blue, green, 
and purple or darkifh forts, arc, for the moll part, found 
capable of being (pin into very tliin laminic or fheets ; but 
thole of the white, or brownifh frec-ftone kinds, can (eldom 
be ieparated or divided in any very thin manner, as the layers 
of the large inafles of the lloncs arc of a much thicker na- 
ture, tliey confi qin ntly form heavy, ftrong, thick coverings, 
proper for buildnigs in cxpoli d climates and fit nations, and 
of the more rough kinds, fuch as barns, ftablcs, and othir 
forts ^ oui-honlVs. 

In the diff'rent operations and proceffes of this fort of 
quarrying, flate knives, axis, bars, and wedges are chiefly 
made ufe of in the diiferent intentions of fphttiiigand clean- 
ing tlie Hates, they IxMiig feparated into jiropi r ihitkneflrs 
by the axe, bar, and wvdge, and afterv-’ards chipped into 
their pro}>er forms and fhape s by the knife*. All tie* different 
inequalities which may app a»' upon any part of them, are 
likewife removed by this Uil fvjrt of iniplemtnt . 

Ill the quarrying of the latter forts of materials, or thofi' 
of ftoncs, the work is ufually jierformvd in fuch a maiuKT 
as to fuit the different ufi s for which they af*’ intcmded. 
Where flags are to be formed, they are Iplit or riven into fint- 
ahle thiekncHes, and Iqinired to different fizcs, fo as to be 
adapted to different apjilications. Tffiefe operations are ex- 
ecuted in rather a rough way, as they arc afterwards to be 
fiiiifhed by the ftone-inafon. When for fteps, tin y have the 
proper breadths and depths given to them in a fort of fqiiar- 
ing manner, being left to be completed as lliey may be 
wauled for particular ufes and applications. Oale-pofts are, 
for the moll part, quarried fo as to have from about a foot 
to a foot and a half or more m the fquare. Trough-ftunes 
have the quarrying performed fo aa to be foimcd into va- 
rious proper-fizcd fquares or other forms, in a rough nenner, 
being left in thcfe ftates to be afterwards hewn and hollowed 
out, in the intended fiart 8, by the flonc-miifons. 

Stones for building purpofes arc ufually raifed and quar- 
ried out roughly into foiricthing of the fquare fhap<*, being 
left in that ftate for the builders, who afterwards fit them io 
as to fuit their own purpofes and intentions. 

In the quarrying of Hones, the quarrymen commonly make 
ufe of large hammers, with cutting ends on one fide, the 
other being formed in a plain manner 5 llrong, ftiarp, crow- 
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bars, and broad, (harp, iron wedges; by which means thefe 
matters are, from the conftant prafticc of the men, fplit and 
torn into fuch forms as arc wanted with great eafe and facility. 
See Quahky. 

Quarrying Tooh^ the different forts of implements which 
are employed or made ufe of in the different works of this 
kind, as in the raifing and preparing the various forts of ma- 
tcrials of this nature. They are principally fnch as thofe 
which have been noticed already, and different deferiptions 
of picks, mattocks, and jumpers, or boring implements, 
for the purpofe of blaiHng the various kinds of Hone, and 
Other hard materials. Thefe tools are individually deferibed 
under their particular heads. See each of them. 


QUARRY 

Quarry I NGs, the fmall pieces which are broken or 
chipped off from the different forts of materials which arc 
found and wrought in quarries, while they are undergoing 
their different preparations for various ufes. Thefe fub- 
ftauccs, where they are of the hard kind, fuch as thofe 
of the blue and lime-ftone, as well as forne other forts, are 
extremely well calculated for the purpofe of forming and 
repairing roads, as they are nearly, if not quite, in a ftate fit 
for immediate application in this way. Materials of thefe 
kinds ought, therefore, where they can be conveniently had, 
never to be negledted by thofe who have the care and ma- 
nagement of roads, as they will fave much expence and trouble, 
in a great number of luttanccs. See Roads. 



Quartation 


QUARTATION, in Mrtallur^j, is tlw fepantion of 
filver from gold by means of aqua fortis or nitric acid $ which 
is an operation that has fomething fingular in it. 

If filver and gold are mixed together into a mafs, and the 
gold is not lefs than one-third part of the mafs in weight, the 
bell aqua fortis poured upon it is not at all capable of dif* 
folving tlie filver ; but it you add more filver to this mais, 
by melting it again in the fire, with fuch a neceflary addition 
of that metal alone as ihould bring the gold in the mafi to 
the proportion of lefs than one-third of the whole, and fuf- 
fer it to cool, then aqua fortis poured on it will corrode the 
filver from it : this is alfo by fo much the more ftrongly 
performed, as the quantity of gold is lefs than in the pro- 
portion of one-third of the whole mafs ; but experience has 
taught us, that aqua fortis diilolves filver mixed with gold 
quickly enough when the gold conftitutes but one, and the 
filver three parts of a mixed mafs of them ; and in this cafe, 
if the folution is not too impetuoully performed, the gold 
ufually remains in fuch a proportion, in the fame figure that 
the whole mafs had before the feparation of the filver by 
this menllruum ; fo that, in this cafe, there is no rcafon to 
apprehend the gold’s being torn into minute particles, and 
dilupated in fome meafure ; though this can hardly be pre- 


vented when the filver exceeds the three-quarter proportion, 
in regard to the gold in the mafs. The artificers, therefore, 
always make it their ftudy to obferve very exaflly this pro- 
portion of the gold being one-fourth part of the mixture ; 
and tiicnee it is that the operation itfelf has been called 
quartation. 

In order to afeertain nearly the proportion of gold and 
filver in a mafs, the afiayers rub this mafs upon a touch- 
llo.'ie, lo as to leave a mark iipoRit; and they then make 
marks upon the ftone with fome of thofe needles, called 
touch-ucedlfs, the colour of which they think comes ncarefl 
to that of the mafs; by comparing the marks of ihefe 
needles with the mark of the mafs, they difeover nearly the 
proportion of the gold and filver in the mafs. The mafs of 

i jold and filver to be quartered ought previoufly to be granu- 
ated, by melting it in a crucible, and pouring it into a large 
veflel full of cold water, while at the fame time a rapid cir- 
cular motion is given to the water ^ quickly ftirring it 
round with a Itick or broom. The veflcls generally ufedfor 
this operation are called parting-glail'es. The aqua fortis mult 
be purified for this purpofc, and Ihould be fo iirong as to be 
capable of ading fenfibly on filver when cold, but not fo 
ftroog as to ad violently. If it be very ftrong, and the veffeli 
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well do fed, a fmall quantity of the gold will be dilfolved 
along with the filver, which is to be jjuarded againft* Little 
heat ouglit to be applied at the beginning, the liquor being 
apt to uvell and rife over the veflel ; but when the acid is 
nearly faturated, the heat may be fafely increafed. When 
the folutiou ceafes, which may be known by the difeontinu- 
ance of the cfFervefcence, or emiflion of air-bubbles, the liquor 
is to be poured off. If any grains appear entire, more aqua 
fortis muft be added, that all the filver may be diffolved. If 
the operation has been performed flowly, the remaining gold 
Will have (tdl the form of diftiud maffes, which are to receive 
folidity and colour by putting them into a tell under a muffle, 
and making them red-hot. If the operation has been per- 
formed haltily, the gold will have the appearance of a black 
mud or powder, which after five or fix wafflings with pure 
water, muft be melted. The filver is ufually recovered by 
precipitating it from the aqua fortis by means of copper 
veffels, into which the liquor is poured, or of plates of cop- 
per, which arc thrown along with the liquor into glafs veffels. 
A confiderable heat is required to accelerate this precipitation. 
f)r. Lewis obterves, that when the aqua fortis has been per- 


feaiy faturated with filver, no precipitation is occafioned by 
plates of copper, till a drop or two of aquafortis is added 
to the liquor, and then the precipitation begins, and con- 
tinues as ufual. The precipitated filver muft be well walhed 
in boiling water, and fufed with fome nitre, the ufe of which 

IS to fcorify any cupreous particles which may adhere to the 
filver. ' 

Here we may add, that filvi^r and gold may be parted 
from one another by the vitriolic acid, as cffeaually, though 
not fo commodioufly, as by the nitrous. If the compound 
be reduced into grains or thin plates, and boiled in about 
twice its weight of oil of vitriol to drynefs, the filver will 
be fo far corroded, as to be eafily waffled off by a little more 
of the acid : or if the mafs, after the corrofion, be melted 
in a crucible, the gold will feparate and fubfiJe, tlje filver 
forming a fcoria above it. Gold may be purified in the 
fame manner from feveral other metallic bodies. M. Scheffer 
ays, that this is the moft dire£l way of feparating tin from 
jold. Lewis's Com. Phil. Techn, 95. 149, See. See As- 
iAviNG, Depart, and Gold. 



Quick lime 


Quick L 'tme^ in Rural Economy, fuch lime as is in the 
cauitic or mod a6l»vc ilatc, and which pofTefTes the greateR 
power of operating upon different liibffances with which it 
may come in contai^. It is quite the oppofitc in its qualities 
and properties, to that which has fallen down into a powdery 
date, in confequence of being faturated with water and car- 
bonic acid gas, or tixcd air, or which is flakt d and become 
effete. Its powers, when applied upon laud in this condi- 
tion, have already been noticed in fpeaklng of lime. See 
Lime. 

But it pofTcfl'es qualities and properties in the way of a 
cement, the utility of which for building, for various do- 
mcltic purpofes, properly belong to tins place. According 
to Dr. Anderfon, lime is in the hell and moR fit Rate for 
this life when the moR perfeClly cauRic, or in the moR 
cryRahizing condition. It is remarked, that the powder 
of lime, when reduced by means of water into a thin or 
fluid fort of paftc-like form, and then fuffered to become dry, 
concretes into a coherent mafs, which fixes to Rones and other 
rough bodies in a very firm manner, and in tliis way becomes 
a proper cement for building any fort of walls. And that, 
after this paRy material has once become firmly dry, it is 
quite indilfoluble in water, and incapable of ever being 
foftened again by the moiRure of the atmofphere or other 
fimilar caiifes. Hence it excels many other forts of 
cements. 

When cotnpofed for the purpofe of building walls, &c. 
it is ufually denominated mortar; but when lorinedasan ap- 
plication in the way of a fmootli coating upon any plain 
I'urface without intermixture with Rony matters, it is com- 
monly here termed plaifler* 

When made from the lime of the purer fort of lime-ftone, 
it is found to be more foft and crumbly, and to acquire a lefs 
degree of hardnefs, and to be broken with much lefi force, 
than where the lime-Rone frottf which it is made contains a 
large proportion of fand, in which cafe it becomes much 
more hard, firm, and durable. 

It has, however, been difcovered that the pureR lime may 
be rendered a firm cement by adding a proper proportion 
of clean hard fand to it ; hence the pradice of blending fand 
with lime, when intended for mortar, has liccomc fo univer- 
fal. This is fully (hewn to have been very early the cafe, 
by the oldeR lime-built walls which are now to be met 
with. 

It ncverthelefs Rill remains a defidcratum to afeertain the 
due proportion of fand which is neceffary, as both writers 
and practical mafons greatly difagrec in opinion on this 
matter, as .ell in their diredlions about the mode of mixing 
the materials, as of applying the cement ; fome of the 
modern, efpccially, aferibing extraordinary effeCTS to a 
variation in thefe particulars, while others deny that thele 
circ uni Ranees have any fenfible effe6l on the durability an 
firmnefs of the cement. 

It is conceived that thefe different and contradiaory opi- 
nions arife from an imperfe^l knowledge of the nature of 
quick-lime, and the variations it may admit of ; tor ^clc 
variations are fo very great, as to render it impolTible to aftord 


any gentral rules that can pollibly apply in all cafes. It is, 
therefore, conceived to behove tliofe who are deli ro us of ac- 
quiring any conlillent and fatisfadlory knowledge on this head, 
to endeavour to afeertain, in^hefirR place, the circumllances 
which render calc.ireons fubllances at all capable of becoming 
a cement, and tfien to trace the f.weral changes that may be 
produced upon it by other extraneous cauf-s. 

Having explained the circumllances which caufc the dif- 
ferences in linie-Ronc, and priinted out the different con- 
Rituent principles of it, as well as various other peculiarities ; 
it is Ratt‘d that lime, which has in any way abforbed its 
full quantity of air from the atmofphere and become mild, 
is altogether unfit for becoming a cement, and that, of courfe, 
It is evident, that a great change may be produced upon the 
quality of any lime, hy having allowed lefs ormorcofit to be 
in this Rate befon* it is worked up into mortar. And further, 
that if a large quantity of water he pul to frelh flaked 
quickdime, and beat up with it into a thin fort of paRc, 
the water dillolves a fmall portion of the lime, which as it 
gradually abforbs its air, is converted into cryRals ; between 
the particles of which cryRals, that part of the lime which 
was not diifolved, and the other extraneous matters which may- 
have been mixed with it, arc entangled, fo as to form a firm 
coherent mafs of the whole. And that the paRy fubilance 
formed in this manner, is the well-known article mortar ; and 
this heterogeneous, imperfectly femi-cryltallized mafs, con- 
Ritutes the common cement employed in building ordinary 
walls or other credlioiis. Thele circumllances, therefore, 
being known, it is thouglit that it will not be difficult 
to comprehend what are the particulars that are neceffary 
to form the moR perfedt cement of this nature. That 
fince lime becomes a cement only in confequence of a cer- 
tain degree of cryRalli/,alioii taking place in the whole 
mafs, it is lufficiently obvious that tlie firmnefs and perfec- 
tion of that cement rnuR depend upon the perfedlion of the 
cryRals; and the hardnefs of the matters that are entangled 
among them ; for if the cryRals are ever fo perfcdl and hard 
of ihemfelves, if they be feparated from one another by 
any brittle incoherent medium, it is evident that the whole 
mafs muR remain in fomc degree brittle and incoherent. 
That as water can only diffoTve a very fmall proportion 
of lime, even when in its moR perfedt faline or cauRic 
Rate, or while it remains deprived of its carbonic acid gas, 
and as happens in other fimilar cafes, no more of the lime 
can be reduced to a cryRallinc mafs than has been ad^ually 
diflblved in the water ; it happens of courfc, that if mortar 
be made of pure lime and water alone, a very Imall propor- 
tion only can be diRolvcd by that fmall quantity of water 
that is added to it ; and as this fmall proportion alone can 
afterwards be cryRallizcd, all the remaining undiffolved 
particles of the lime will be entangled aivong the few cryf- 
tals that arc formed. And as the undiffolved lime in this 
mafs will in time abforb its air, and be converted into mild 
calcareous earth without having had a fufficiency of water to 
allow it to cryRallizcy it muit concrete into a friable mafs 
exadlly refembling chalk ; it follows, that this kind of mor- 



tar, when as dry as it can be made, and in itshigheft degree 
of perfcaion, will always be foft, and eafily crumbled 
into powder. 

But that, if, inftcad of forming the mortar of pure lime 
alone, a large proportion of fand be added to it, the water 
will in this cafe diflolve as much of the lime as in the 
former ; and the particles of hard land, like Hicks or threads, 
when making fugar-candy or other cryftals, while fur- 
rounded by the watery folution, will help to forward the 
cryllallization, and render it more perfeA than it other- 
wife would have been, fo as firmly to cement the particles 
of fand to one another. And as the granules of fand are 
perfedly hard of themfelves, fo as not to admit of being 
broken down like the particles of chalk, it necelTarily fol- 
lows, that the cement made of thefc materials mull be 
much more perfeA in every refpedt than the former. 

After confidcring a variety of circumftance? in regard to 
the folubility of lime in water, and its cryllallization, it is 
remarked, that when a large quantity of fand is mixed in 
the mortar, that fand will of courfe bear a great proportion 
to the whole mafr. ; fo that the water that may be mixed with 
the mortar will be much greater in proportion to the quan- 
tity of lime contained in this mortar, than if the whole had 
confilled of pure calcareous matter. And that, as the fand 
abforbs none of that water,— that water, now pure, is at 
liberty to aft once more upon ihofe few particles of cauftic 
lime that may Hill remain in the mortar, which will be dif*- 
folved and converted into cry Hals in their turn. In this 
way it may happen, in fome circumllances, that a very 
large proportion of the lime may become cryHallized ; fo 
that the mortar will confill almoH entirely of fand enve- 
loped in cryHalline matter, and become in due time as 
hard as Hone itfclf ; whereas mortar, confiHing of pure 
lime, without land, can hardly ever be much harder than 
chalk. It is not, however, to be fuppofed, that in any 
cafe this dried mortar will alfume that tranfparcnt cryf- 
tallifjc form, or the compaft lirmnefs of fome forts of cal- 
careous matters, fuch as marble and lime-Honc. In mortar, 
in fpitc of the iilmoH care that can ever be taken, a very 
conlideruble quantity of the lime mull remain undifiblvcd ; 
which undiUbived lime, although it may be fo much fepa- 
rated by the fand and cryHalline lime- Hone as not much 
to affeft the hardm fs of the mortar, yet it mull Hill retain its 
white chalk-likc appearance. As marble and lime-Hone arc, 
however, always formed by thofe particles of lime that have 
been wholly dilfolved in water, and from which they have 
been gradually feparated by a more How and more perfeft 
mode of cryltallization, they have nothing of that opaque 
calx-like appearance, but alfume other colours, and appear 
more firm, uniform, and compaft ; the fand and other 
matters that may be enveloped in them being entirely fur- 
rounded with a pure cryHalline matter. 

But to obtain the moil perfeft kind of mortar, it is 
not, however, enough that a large proportion of fand 
Ihould be employed, and that the fand Hioiild be inti- 
mately mixed with the lime ; it is alfo of the utmoH im- 
portance that a large proportion of water be added ; for 
without this it is impoHible that a large proportion of the 
lime can be cryHallized : and the mortar, in that cafe, 
would confiH only of a mixture of chalky matter and fand, 
which could hardly be made to unite at all, and would be 
little more coherent than fand by itfclf, and lefs fo than pure 
chalk. In that cafe, pure lime alone muH afford rather a 
finner cement than lime with fand. It is alfo of very great 
importance that the water be retained as long in the mortar 
as poflible ; for if it be fuddenly evaporated, it will not only 
be preventeeji from afting a fecond time upon the lime, after 
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a part of what was lirft diflblved has been cryHallized, 
but even the few cryllals that would be formed when the 
water was fuddenly evaporating, would be of themfelves 
much more imperfeft than they otherwife mod certainly 
would have been. In proof of which, inHances of tlie 
cryHallizarion of common fait, lump fugar, and fugar- 
candy, are adduced ; after which it is noticed, that every one 
knows what a difference there is between the firmnefs of the 
diflerent fubHanccs ; and that as great muH be the difference 
between tlie liripnefs of that cement which has been flowly 
dried, and that which has been haHily hardened by the 
powerful aftion of a warm air. 

It is contended, that it is owing to this circitmftance that 
tlic lime, which remains all winter in a mortar tub filled with 
water, is always found to be much firmer and more coherent 
tlian the mortar that was taken from the fame tub and ufed 
in any work of mafonry, although in this cafe the materials 
were exaftly the fame. From the fame caufc, any work 
cemented with lime under water, if it has been allowed to 
remain undiHurbed and uninjured until it lias once become 
hard, is always much firmer than that which is above the 
fiirface of the water. 

In order to render the force of the above reafoning more 
Hrong and cf)nvincing, lime cement or mortar is compared 
to a mafs of matter confiHing of a congeries of lionet 
clofely compafted together, and united by a Hrong cement- 
ing matter that had, while in a fluid Hate, pervaded all the 
intcrlliccs het^yeen the Hones, and afterwards become a 
folid indiffoluble fubHance. If the cementing matter be 
exceedingly hard and coherent, and if the Hones bedded 
among it be alfi) ve;*y hard and firm, the whole mafs will 
become like a folid rock, without liflnres, that can hardly 
be broken to pieces by the power of man. But, although 
the cement fhould be equally firm, if the Hone, of which it 
coniiHs, be of a foft and friable nature, fiippofe chalk or 
fand-Hone, the whole mafs will never be capable of attaining 
fuch a degree of lirmnefs as in the former cafe ; for wlieu 
any force is applied to break it in pieces, although the- 
cement fhonld keep its hold, tlie folid matter cemented by 
it would give way, and the whole would be eafily broken 
to pieces. AVhereas in mortar, the fand that is added to 
it reprefents the Hones of a folid matter in the compofitioii, 
the particles of which arc united together by the lime which 
had been formerly diflblved, and now t^ryflallized, which 
becomes an exceedingly lolid and indlHoluble concretion. 
And as the particles of fand are of themfelves exceedingly 
hard, and the cement by which thtfy ire united equally fo, 
it is plain that the whole concretion mull he extremely 
firm, fo as to require very great force to difunite any par- 
ticle of it from the whole mafs. But if, inllead of employ- 
ing fand, the only folid body that is entangled among the 
cementiMg matter Ihould be chalk, (as in all cafes where 
the mortar coiifilb? (;f pure lime alone,) or any other 
Hightly cohering inbflance, let the cementing particles of 
that compofitioii he ever fo perfc6\, it is impoHlble that the 
whole can ever attain a great degree of firmnefs, as thefe 
chalky matters will be ealily broken afunder. 

It is remarki d, in addition, that a variety of conjeftiircsi 
have been made about the nature of the lime cement em- 
ployed by the ancients. It lias been thought that they 
poH’eired an art of making mortar, which has been long 
fince entirely loH ; as the cement in the walls which have 
been built by them, appears to be, in many cafes, much 
firmer than that which had been made in modern times. 
Yet, when the mortar of thefe old buildings is analyfed, it 
is found to confill of the fame materials, and nearly in the 
fame proportions, in which they are now made ufe of. 
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And it is thought probable, that their only fecrct confiftcd 
in mixing the materials more perfectly than the rapidity or 
avarice of modern builders Will permit, in employing their 
mortar in a much more fluid ttate than is done now, and in 
allowing it to dry more flowly, which the immoderate 
thicknefs of many of their walls would naturally produce, 
without any preconcerted dcfign on their part. Tradition 
has even handed down to the prefent times the memory of 
the moll eflential of thefe particulars ; as the lower clafs 
of people, in every part of the nation, at this moment inva- 
riably fuppofe and believe that ihefe old walls were com- 
pofed of a mortar fo very thin, as to admit of its being 
poured, like a fluid, between the Itoncs, alter they were 
laid in the wall ; and tin* appearanc<? of thefe old walls, 
when taken down, feems to favour this popular tradition. 
Nor is it doul)tcd but that this may have been the calc. 
The Itones in the outer part of the wall, it is thought, 
were probably bedded in mortar nearly as is pradtifed at 
prefent ; and the heart, after being packed well with irre- 
gular Hones, might have the inlcrltices between tliem 
entirely filled up with fluid mortar, which would infiuuate 
ilfelf into every cranny, and in time adhere as firmly as the 
ftoncs themfelves, or even more fo, if the Hones were of 
a fandy friable nature. And that, as thefe walls were 
ufuajly of very great thicknefs, it might often happen, that 
the water in this mortar, by ailing fiicceflively upon dif- 
ferent particles of caullic lime, would at length be entirely 
abforbed by fuccelfive cryllallr/ations, fo as to become 
perfeilly dry, without any evaporation at all ; in which 
cafe, a very large proportion of the original lime mull have 
been regularly cryllallized in a How and tolerably perfe6l 
manner, fo as to attain a firmnefs little inferior to lime Hone 
or marble itfelf. 

It is fuppofed that, upon thefe principles it is eafy to 
account for the fupenor hardnefs of l()mc old cements, when 
compared with that of modern times, in wdiich a practice 
very dtlforcnt is ufually folloAved, without having rccourfe 
to any wonderful arcana whatever, 

Moiificur Loriot, a late French writer, imagined that he 
had made a perfeA difcovery of the way in which the 
ancients employed their quick-lime, fo as to obtain fuch an 
extraordinary firm cement ; from which difcovery, he con- 
ceived, very important benefits might be derived to fociety. 
According to his opinion, the ancient cement cgnfllled of 
lime and land nearly in the fame proportions as arc com- 
monly employed for that purpofc at prefent. But inltead 
of making it of flaked lime entirely, as is done now, he con- 
tends that they employed a certain proportion of their lime 
unjlakedy which they mixed with their mortar immediately 
before it was ufed. And it is further noticed, that tlin 
newly difeovered cement dries and hardens almoH under the 
hand of the operator, without cracks or flaws of any fort ; 
that it neither expands nor contrails with the air that it 
is impervious to moilture, and may not only be employed 
for making roofs of houfes that are fubjeeb'd to the con- 
tinual dropping of water, bafons, aqu'durts, canals, 6c. •. 
which will inllantly contra water in any quantities h t 
even finer works oi ihc pottery kind; that it per. < 'Ay 
refifts frolts, and has a variety of other intcrcfting qu; nck-i;. 
The trials of Dr. Anderfon with the^fame fort (.f rna.v*rials 
do not, however, confirm the great certainty and utility of 
this difcovery. ‘‘ That fuch cm ^ts as tlie writer deferibes,*' 
fays the doClor, “ will invariably be produced, merely by 
adding a certain proportion of uiiflakcd lime in powder to 
mortar, or even by making the mortar entirely with powdered 
quick-limc, I may without hefitation venture to deny, not 
only from the reafoning that ha« been given, but from 
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a6lual experiment, again and again repeated by inyfelf » 
and which is likewife, in fomc meafure, corroborated by the 
experience of Mr. Doflie.’^ 

On thefe accounts, it is fuppofed, that if Monficur Foriot, 
has really experienced ihefc ur.common cfTcds from the 
mortar he has tried, it muH have been occafioned by fomc 
oth«‘r unobfervtd peculiarity, aud not merely by tfie cir- 
cumilance to which he feems to aferibe it. Pofltbly the 
dodlor fuppofes the lime he employed may h«ive been im- 
pregnated with a gypfiim, or the fulphatc of lime, as is 
probable, for many reafons. The effeils and qualities of 
\vhich, as to becomuig a fine powder, and of fiuldenly fel- 
ting, are well known, but it never acquirt's the llony 
hardnefs that lime cement is lomi^times endowed with, 
although it takes the fmoothcil polifli of any cement we 
know : on winch account, it ha.s long been employed as a 
plaiiler where fine ornaments are required. 

There are unqiiefiiouably, however, many doubtful and 
mylterious circumllances coni.edled with this matter, which 
require the aid of further trials and experience in their full 
explanation. 

There are Hill furtlr r a few other eirciiinllances that may 
influence the quality of eernivon lime-mortar. Iflime-flone 
be fufli ciently calcined, it is deprived of all its moillurc, 
and of all its carbonic acid gas, or fixed air. But ex- 
perience fliews, that liine-flone will bill to powder on the 
effnfion of water upon it, when it Is nii'cli Ills perltiilly 
calcined, and while it flill retains jlrnoll the v hole of its 
fixed air. And that as mafons have hardly any titlun* rule 
for judging whi'thcr lime-ftone be fulTu ieiitly eakined, ex- 
cept this fingle circuinltnnce of its falling to a powder 
when w^ater is poured upon it, it may thus eafily be per- 
ceived, that the fame lime may be more or It Is fitted for 
making good mortar, according to a circnmflance that, ia 
a great meafure, eludes tlic obltTv.ition of operative mafons ; 
for if it flioiild happen that all tlic pieces of lime drawn 
from a kiln at one time, were jull fufilcieutly calcined to 
make it fall to a powder with water and no more, that 
powder vvonld.be altogether unfit for making mortar of 
any kind. This is a cafe that can feldom happen : but as 
there are a great many intermediate degrees between that 
ftatc and perfeft calcination, it muft often hapj>en that the 
(bme will approacli nearer to one of thefi' cxln mes at one 
time than at another ; fo that the mortar may be much more 
perfecA at onetime than at another, owing to a variation in 
this particular. 

All thofe who have written on the fubje^l of lime as a 
cement, have endeavoured to afeertain what is the due 
proportion of fand for making the moll pirfeft cement. 
But a little attention to the matter will fliew, that all rules, 
wliich ctnild br preferibed as to this particular, mufl be 
fo vague and im.'ertain, as to be of br-tle utility to the prac- 
tical jlialon ; a'5, Ijcfides ihevarialion \.hich may arife from 
a luiue or h'fs jicrf. iM degree of calcination as above, it 
is a certain faCt, thit fomc kinds of hme-llones are much 
more pure, and contain a im;ch fnudler proportion of fand 
than others do ; fume being found alinoft pcrfedlly pure, 
while others contain eleven-twelfths of fand and all the 
intermediate proporLions of it. Therefore it would be ab- 
surd to fay that pure lime wv)uld require as Imall ^ propor- 
tion of fand when made into mortar, as that which originally 
contained in iticlf u much larger proportion of fand than 
any writer has ever ventured to propofc for being put into 
mortar. 

Befides, there are differences caufed by the different na- 
ture of the cakiration in the different forts of lime-ffonc, 
from which it may, upon the whole, be concluded, tliai 
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about orie-touth of pure is not enough calciiied 

to admit of being made into mortar ; and that of the 
mod impure forth of Iimc-done, not above one-fourth part 
of the lime contained jn it is fo much calcined as to be ni a 
caudic datt‘. 

7'hr variation that is product^d by thefc mepns in regard to 
the propc>rti(>n of fand that will be required to the lime in the 
oie or the r)t}Kr cafe, is found to be fo extremely great as 
liaullv tf> be eorurcived. It is, however. Hated, that the belt 
mort. r that has l;ccn feen mad*', was formed of lime which 
had bren iound to contain eh ven parts of fand to one of 
Imir : to tin. wa - added between twice and thrice 

its whole bulk ot ijiiJ l»y mealure ; which may be allowed 
to li.ive b' c .) al Ic.ill three times its quantity *ivel»hl. 
Therefore, iiqipiiling tJut every particle of that lime had been 
fo pcrlcefl) cali^int d as to be in a caultic date, tliere could not 
be Icl;, tlian forty-A von parts of faiui to one of lnn>“. As 
much may, how^.ver, be allowed for the uncauliic jiart of 
the lime as is pleafod, and the calculation made accordingly* 
But it is liardly pofTible to fiippofe that above onc-hundredtb 
part of this mals, independent of the water, coiililbd of 
pure can die calcareous earth. 

On thefe cor.iiderations it is conceived, that it is impof- 
fihlc to prclcribo any d^tei ninitr proportion of fa>ul to 
lime, as that mull vary according to the nature of the lime 
and other iiicnlenlal circumllances, wlilcli would form an 
iufniity of cxccptioiib to any j';eiKral rule. But it vvviidd 
feem that it might be lately inferred tliat the moderns in 
general ratlier err m giving loo little fand, thau in giving too 
much. It deferves, howcv' r, to be noticed, that the laud, 
when naturally m the lime-done, is more intiuiately blendt d 
with the hmo than cun ]H>Mil>]y be ever ellei^ted h) any 
meciiamcal operation ; lo that it would be in vain to hope 
to make good mortar artll'ieially from pun lime, \\itli fiuh 
a fmull propoition of caullic calcareous maUer as in ly foice- 
limes be edetH»‘d w’lun the lime naturally eoutains a very 
large proportion of fa”d, Init then* Aems l'* lie no doiibi, 
ttiat if a much larger pro-portion of land \veie employed, 
and if tiiat were more carcfidK blerulv'd rinJ cxpeditioully 
worked than is common, the mortar would be much iiKue 
perfeff tlian is iifiial in modern times, as lias been pro^ed by 
actual trials. 

Another eiremnftanec that tends gnatly to vary the 
quality of cement, and to make a gn at^r or ln;aller pro- 
portion of fand nectffary, is th ' mode <.)f preparing lime 
before it is beaten up i' to m irt ar. Wlien fc,r plaider, it is 
of great importance to have ev^. ry purlielt of the lime-lion*, 
flaked before it is worked up; lor, as fmotnlnulb of tiu- 
furface is the uvod matu-ud point, if any parlieKs of Imu* 
fhould be btaten up ii; it, ai.d employed in wtirk bvhn'e 
fufficiently fallen, the wattr, Hill continuing to adl on tliein 
after it w'as w-orked t>p, would infallibly flake fueh par- 
ticles, which forcibly expanding theinielves, w'ould pro- 
duce tliofe cxcrefccncts on the lurfacc of the plailler com- 
monly termed blifters. Confequeiuly, ni order to obtahi 
a perfect kind of plailhr tliat will renralr I’mticth on the 
furfacc and free of blideis, tluTv’ is an abfolute ncc'-dlit) 
to allow the lime to he for a confid'-rable time macerating 
or Jour'ing in w^atcr, before it is worked up. And tlx* 
fame fort of procefs is necellary for the lime wfien intended 
for ufe as mortar, though not fo abfolutely. Great care is, 
however, required in the mai*agemeiit in this refpedt ; the 
principal things being the getting of wdl-burnt lime, and 
the almwiug it to macerate or four with the water for only 
a very Jhort time before it is iifed ; but that which is the 
bed burnt will require the maceration of fome days in 
the water before it is fufficiently flaked in the whole 
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mafs for this purpole. lAmefor Mortar anJ 

Platfier* 

It has been almofl imiverfally admitted, that the harded 
lime-done affords a lime that will confolidate into the 
firmed cement ; and hence generally concluded, that lime 
made of chalk, produces a much w'eakcr cement than what 
is made of marble or lime-done. It would feem, however, 
that if ever this be the cafe, it is only incidentally, and 
not nceeffarily fo. As from the nature of calcareous mat- 
ter, every kind of lime is iqually fit for becoming a firm 
cement, if it be fird reduced to a proper degne of eauf- 
licity, and has afterwards a due propoition of land properl) 
mixed with it, before il bt employed in w'ork. Different 
lorU of lime, without doubt, diflcr much from each other in 
the proportion of fand they naliirdlly contain, and, of 
eourfe, require very different proportions of land to be 
added to them bciure thc-y can bv* made equally pi rfeCt as a 
cement ; which is an econoinical conficler'ition, of no fmall 
mouu i t in fume e.il<‘s, a^ it may make one fort of lime* a 
great deal che'iper than .'iuoiIku- on fome occalioie;, and, of 
eourfb, defervtithe attention of builders in gciural. Sei* 
Li.mi . 

'rhe excellencies and defeats of oth( i fubdanees that iTia\ 
he otcafioiially mixed with lime ni makini*; cement may be 
jud noticed, 'riiofe eun.monly iiled as an addition lo mor- 
tar, bv lidcb fand of various denominations, are pow’dered 
L 'd (lone, briek-diiii, and It'a-fln 11s. And for fi rinin; 
jiiailler, wdieiv clol 'iuls ralliei' than liardiuTs is ri'([»;ired, 
tlH‘y«u\ lime that has bet 11 flak* d anti kept lo'u* i-i a dr\' 
placv*, till It has bettimc* marly eflete, ])ov\dir u eha’k or 
whiling, and g\pi'um in various proportions; bofidi s hau 
and ('liKJ* nutenals of tliat natuie. But IfUTn* villurs ha\e 
bei u more lately advifed, fueh tis eav'Jiy haUs, fl-ghtlyburm 
and pound'xl, powdi'tvd and lifted tild mortar runbilh, a:,d 
olh'Ts of a iimilar kind. All of wdueh liibdaiiees an* 
found objetftioiiable in fome refpe d or oi h«;r for this ufe, 
lain! hi ing the only perfedly luitable maUrial that can he 
eafily met with; on which account it lias been aKvin sjiillJy 
preferred. Pure linn crydalli/ed fand is the bed, but alt 
pun* fands arc not equally proper in this mieiitiin). S* e 
thefe fulillauces refpi'Ctivi'ly. Sec .alfo Ckmknt and S \\i>. 

It is dated by fir Humphry Davy , in his work on “ Agri* 
cultural Chemillry,*’ lh«a there are two niodi-sm wlreli Innc 
afis as a cement ; in its con.binaiion with waiter, and in it., 
combination with carbonic aenl. W lien quick-lnne israjildly 
made into a padc wdtii water, it foon loles its ibflnef’s, and 
the water and the lime form together a folid coherent mafs, 
wliinh conlids of few nteen parts of wat'-r, to filtv-fivc 
parts of lime. ^\dien litis hydrate of lime, while it rs eon- 
folulating, is mix(‘d with rnd o\yd of iron, ahiiTiina, or tihea, 
tar mixture becomes liarder and more ci'lierent than when 
lime alone is uied ; ami it aojicers th.it this Is owing lu a cer- 
tain dv’gree of clicmical attr..u't(on betwnn hydrate of limt* 
and theft bodies ; and they iviidtr il h f-i liable to deetmipofc 
by the action of the carbonic acid in tiie air, and lets folu- 
blc in water. It is lliunglil that the bads of all cements that 
arc ufed for wmrks wdiit li are to be covered wdtli water muli 
be formed from hydrate of lime; and that the lime made 
from impure lime-doues anfvvers this purpofe very well. Pu/- 
zolana, it is faid, is compofed principally of fihea, alumina, 
and oxyJ of iron ; and it is ufed mixed wdlli lime, to form 
cements intended lo be employed under w'atcr. It is fbitcd 
that Mr. Smeaton, in the condru6tioii of the Eddydonc 
ligbthoufe, ufed a cement compofed of equal parts, by 
w'eight, of flaked lime and puzzolana. Puzzolaiia, it is 
faid, is a decompofed lava. Tarras, which was formerly 
' imported in confidcrable quantities from Holland, is found 
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to be a mere dccompoled baialt : two parts ot llaked lime 
and one part of tarras form the principal part of the mor- 
tar ufed in the ffreat dvkes of Holland. It is fuppofed 
that fubllanccs which will anfwer all the ends of ])u/7.olana 
andtarras, are <ibundant in the Britifli iflauds. An excel- 
lent red tarras may be procured in any quantities from the 
Giant's Caufeway, in the north of Ireland: and decom- 
pufing bafalt is abundant in many parts of SunluHl, and in 
the northern diftrifts of England in which coal is found. 

It is obferved that Parker's cement, and cements of the 
lame kind made at the alum-works of lords Dumlas and 
Mulgrave, are mixtures of calcined, ferruginous, iiliccous 
and aluminous matter, with hydrate of lime. 

It is noticed, that the cements winch ad by combining 
with carbonic acid, or the common mortars, are made by 
mixing together flaked lime and land. Thefe mortars at 
firll folidify as hydrates, and are (lowly converted into car- 
bemate of lime by the adion of the carbonic acid of the air. 
It was found by Mr. Tennant, that a mortar of this kind, 
in three years and a quarter, had regained fixty-thrce per 
cent, of the quantity of carbonic acid gas, which conllitutes 
the definite proportion in carbonate of lime. The hardnefs 
of the mortar m very old buildings is alfo thought to de- 
pend upoi the perfed converfion of all its parts into carbo- 
nate of lime. The pureft lime-ftones are the heft adapted, it 
is faid, for making this kind of mortar. The magnefian 
lime-ftoncs make excellent water cements, but ad with too 
little energy upon carbonic acid gas to make good common 
mortar. The Romans, on Pliny's authority, made their 
b 'It mortar a year before it was ufed ; fo that it was par- 
tially combined with carbonic acid gas before it was employ- 
ed, It is fuppofed. 

It is likewife fuggelled, in regard to the cultivation and 
improvement of hincTby means or this material, that quick- 
lime in its pure ftate, whether in powder, or diflblved in 
water, is injurious to plants ; grafs in fevcral inllances having 
been killed by watering it with hint -water : but that lime, 
in its Hate of combination wi:!i carbonic acid, is an uletul 
ingredient in foils. Calcareous earth is found in the allies of 
the greater number of plants j and expofed to the air, lime 
cannot long continue caullic, but foon becomes united to 
I arbonic acid. That lime, wlien combined vutli about one- 
third of its weight of water, conilitutes hydrate of lime; 
and that it becomes carbonate ijf lime by long expofure to 
the atinofphere, the place of the water being fu polled by 
carbonic acid gas. On mixing frelhly burnt or flaked lime 
vviihaiiymoill fibrous vegetable matter, allrong aftion oc- 
curs between them, and they form a fort of compoll, part 
of wliich is commonly folublc in water. In tliis vyay, lime 
renders matter, before comparatively inert, nourifhiog ; and 
from charcoal and oxygen, abounding in vegetable matter, 

It becomes converted into carbonate of lime at the lame time. 
Mild lime, or pow'dered calcareous (ubftanccs, have no ac- 
tion in this way on vegetable matter ; by their operation they 
prevent the too quick dccompofition of bodies previoufly 
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diflblved but do not tend to form foluble matters. Coa- 
fequendv it is clear that the operation of quick-lime and 
mild calcareous fubllances, depend upon wholly different 
principles. Tiic former, on being applied to land, tends to 
bring the hard vegetable mailer contained in it into more ra- 
pid dccompofition and foluliou, as a proper food for plants. 
The latter only improve the texture of it, or its relation to 
abforption : it is merely an earthy ingredient. Quick-lime, 
in becoming mild, has a fimilaradiou, but while taking on 
that Hate, prepares luluble out of infoluble matter. On 
this depcMids the operation of lime in the preparation for 
wheat crops, its efficacy in fertilizing peats, and in bringing 
into cultivation all torts abounding in hard roots, dry fibre*, 
or inert vegetable matter, d’h'* quellion, of courle, whe- 
ther qii .k-llmc fiioLild be applied to land or not, depends on 
the quantity of inert vegetable mat ter it contains ; and that 
whether mild lime, marie, or jmwdered lime-Honc, fliould be 
ufed or not, on the quantity (d calcarecnu matter already in 
the land. All (orts of laud are unproved by mild lime, and 
ultimately by quick-lime, vvliich do not effervefee with 
.acids ; and the landy forts more than the clayey kinds. 
Ill land deficient in calcareous matter, but containing much 
Jfjluhle vegetable manure, the ule of quick dime flumid con- 
Hantly be avoided, as tending either to decompole the folu- 
blc matters, hy uniting to their carbon and oxygen in be- 
coming mild, or to combine with the foluble matters, and 
form compounds with lefs altraftion for water than the pure 
vegetable fubHance. The fame is the cafe in regard to moft 
animal maiiun‘s; but its operatioii is different in different 
cafes, according to the nature of the anirnaJ matter. On 
the whole, it fliould however never bi employed with ani- 
mal manures, exc(‘pt when too rich, or for preventing 
iu)xious effluvia. It is hurtful in mixture with common 
dung, and tends to produce infoliibility in the extradive 
matter. It is ufeful in mixtinre with flmple vegetable barks, 
&c. 

Thefolution of tlie quellion about tlie inutility and dif- 
advantage of magnefiuu lime, which has lately been found 
ufeful in fmall quantities on llic poorer lands in Leicellcr- 
fliire, from twenty-five to thirty bulhelsthe acre, and in 
larger ones, On tiie rich foils ; it is fuppofed to depend upon 
that fort of lime having a lefs attradtioii for carbonic acid 
than the other, in confequence of the portion of that fub- 
flaiice in it, and thereby remaimiig longer in the cauHic 
Hate ; and its becoming fooner a carbonate of lime in the 
ncJi than in the po r foils. Ma^nefia, while in the cauHic 
Hate, is poifonoiis to certain kinds of plants, and ads fo in 
the mixture as lime. It may be ufefully applied in large 
quantities to peat-earths ; and to lands injured hy too much 
of this fort of lime, peat-earth will be a proper and cifedual 
remedy, when ufed in a fuitable proportion. 

More full information way he met with on this curious 
and iiitercHing luhjeft in the firll volume of Anderfonb 
Efl’ays on Agriculture and Rural Aflairs, in DofTie’s Me- 
moirs of Agriculture, vol. ii. and in fir Humphry D.*ivy\s 
“ Agricultural Chemillry." 
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RAILWAY, Tram or Dram-roady or JVaggon-nvayy in 
Rural Ecunomyy a track coiiftruaed of iron, Itone, timber, 
or other material, upon the level furfaceof an inclined plane, 
or other fituation, for the purpofe of diminilhiiig friaion, 
and thus ferving for the eafy conveyance of heavy loads of 
any kind of articles. See Plate IV. Canalsy figs*, 31 to 35. 
Sec alfo Canal. 

It has been remarked, that railways have hitherto been 
confined, almolt exclufively, to coal-works, and other mines ; 
and that inventions, whole only recommendations are fim- 
plicity and ufcfulnefs, are often fuffered to lie long in a 
flate of public neglea ; while others, perhaps, of no real 
Utility, but of more impofmg afpea, and being pertina- 
ciouily blazoned’ forth by interelled or blinded partifans, 
arc readily adopted ; and balk, for a while, in the fiinlhine 
of public favour. The time has, however, at length ar- 
rived, when carriages moving on level furfaces, or on gently 
inclining planes, with little friaion, and without obltruCTions, 
are fall fpreading over the face of the country. It has 
been obferved that there may be many lime-works, as w^ell 
as other forts, from which railways may be laid, in different 
dire6fions, with great benefit to their proprietors and the 
furrounding neighbourhoods in general. 

With the view of diminifiiing horfc labour, it has been 
fuggefted by Dr. Anderfon, in his Recreations in Agricul- 
ture, that where internal canals cannot be cllablillied, this 
may be cffe^led, and intcrcourfe facilitated, by means of 
railways, which have not yet been introduced into general 
pra£lice. It is further ftated, that they were firll folely 
employed for tranfporting coals to a moderate diftance from 
the pits, to the places where they could be (hipped, being 
univerfidly made of wood. And long, fays he, had they 
been applied to this life, without any idea having been enter- 
tained that they could be employed for more general pur- 
pofes. By degrees they were, however, carried to a farther 
extent ; the fcarcity of wood, and the expence of their re- 
pairs, fuggelled the idea of employing iron for the purpofe 
of improving ihefe roads. At the firft, flat rods of bar-iron 
were nailed upon the original wooden rails, or as they were 
technically cdlicdy Jleepers ; and this, though an expenfive 
procefs, was found to be a great improvement. But the 
wood on which thefe relied being liable to rot and give way, 
fome imperfedl attempts were made to make them of call 
iron, but thefe were found to be liable to many objc6lioiis, 
until the bufinefs was taken in hand by Mr. Out ram, engi- 
neer, at Buttcrly Hall, Derbyfliirc, who contrived at tlie 
fame time, fo far to diminifh the expence, and improve the 
llrcngth of the road, as to bring them to a degree of per- 
fection, that no one who has not feen them can eafily con- 
ceive could have been di)iie. And it is added, that this 
having been carried into execution in a few cafes, and found 
to anlwcr, has been improved upon and fimplified by prac- 
tice, till it is now brought to fuch a Hate of perfeftion as 
to have given proofs, that it admits of being carried much 
beyond tfie limits of what was for many years conceived to 
be pollible, and to afford demonllrative evidence, that it 
may be in hiture employed to a wider extent Hill, to which 
no limits can be at prefent afligned or forefeen. 

There ar? a great number of railways in Derbyfhire, 
ShrDp(hire» Lancafhire, and many other parts of the ebuntry. 

In the furil of the above counties, there are railways of 
▼ery different lengths ; one of five miles in leogbh/rie^ng 
from vhe town cH Derby to the collieries in the vicinity ; 
another, from the lime-ftone rocks on the Cranford canal, 
called the Crick railway, which is about one mile and a half 


in length ; a third from the Beggarlee colliery to the fame 
canal, denominated Barber and lYalker’s railway, of fimilar 
length ; a fourth from the lime-works in the neighbourhood 
of Boflon, to the canal near Whaley bridge, termed the 
Peak-forell railway, which is about fix miles in length ; a 
fifth called the Marple railway, of about one mile and a 
half long, on the Peak-forell canal; fixtbly, railways over 
Blifworth-hill near Nottingham, on the Grand Junction 
canal, which are three miles and a half in Iciigtli, and con- 
ftru£led in a double manner ; a feventh, which has the name 
of the Afhby de la Zouch railway, has four miles of double 
and eight miles of fingle rails. Some of tlicfe railways are 
formed in a very complete manner, efpecially thofe which 
have been made fince the various improvements of them were 
introduced. They have been of prodigious utility and 
advantage to the county, both in regard to its agricultural 
improvements and its manufadluring interells and concerns. 

Thefe forts of railway roads have likewife been intro- 
duced into many parts of the county of Salop, with vail 
benefit and fuccefs to the different interefts of the diltriil. 
They have here had a new application, in being employed 
for the purpofe of conveying heavy weights from different 
levels on canals. 

Speaking of the great utility of canals in the carriage of 
various articles in this county, it is obferved by Mr, Telford, 
an able engineer, that another mode of conveyance has fre- 
quently been adopted to a corifiderable extent ; which is 
that of forming roads by means of iron rails laid along 
them, upon which materials are carried in waggons, which 
contain from fix to thirty hundred weight ; experience, he 
thinks, has now convinced us, that in countries the furfaces 
of which arc rugged, or wdiere it is difficult to obtain water 
for lockage, where the w^eight of the articles of the produce 
is great in comparifon wath their bulk, and wdicre they are 
mollly to be convened from a higher to a lower level, that 
in thofe cafes, iron railways arc 111 general preferable to 
canal navigation. 

It is fujipofed, that on a railw^ay well conftrufted, and 
laid with a declivity of fifty-five feet in a mile, one borfe 
wull readily take down w airgons containing from tw'elve to 
fifteen tons, and bring bacK. the fame waggons with four 
tons in them. This declivity, therefore,- fuils well, when 
the imports are only one-fourth part of what is to be ex- 
ported. If tile empty waggons only are to be brought 
back, the declivity may be made greater ; or an additional 
horfc applied on the returning journey will balance the in- 
creafe or declivity. If the length of the raiWay w^ere to 
be conhdcrcd, it may, it is fuppofed, without much incon- 
venience, be varied from being level to a declivity of olie 
inch in a yard, and by dividing the whole difiance into fepa- 
rate ft ages, and providing the number of horfes fuitablc for 
each portion of railway, according to the diftance and de- 
gree of declivity, tlu; whole operation may be carried on 
with regularity and difpatch. 

It is upon tlie w^liole believed, that this ufcful contrivance 
may be varied fo as to fuit the furfacc of many difficult 
countries, at a comparatively moderate expence. It may 
be conftrufted in a ftmch more expeditious manner than 
navigable canals j it may be introduced into many diilri^ls 
where canals are wholly inapplicable ; and in cafe of any 
change in the working of mines, pits, or manufadlories, 
the litils may be taken up and laid down again in new fitua- 
tions, at no very great expence or trouble. 

It is alfo further noticed, that fomc parts of this and 
the neighbouring counties, in which canals had once been 
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intended to be formed, have lince been looked over and cxa- 
mined with the view of having iron railways inllead of navi- 
gable cuts; and in many cafes this may be the moll advifable 
and proper, particularly in all lituations where difficulties 
anfe in the coiiltruding of navigable canals, or other forts 
of works for water carriage. 

The county of Lancafter, too, has a great many of thefe 
iron railways for the convenience, accommodation, and ad- 
vantage of the different collierii s, manufaftories, and other 
works, where heavy loads are to be tranfported. The coal 
work near St. Helans, in the vicinity of Liverpool, has a 
double railway fome miles in length ; atid at the inni-w'orks 
of lord Belcarras, near Wigan, as well as his canncl coal 
pits near the fame place, there are double railways <)f very 
confidcrablc length. To the foiilli of tiie town of Piellon, 
at a fmall dillance from Bamber bridge, there is likewife one 
communicating with the l.ancaller and Kendal canal, which 
is alfo double and of great length ; lerving to convoy the 
coals from the fouthern parts of llic county to that canal, 
in order to their diflributiou in the northern pails, and the 
adjoining diftri^ls. 

On the eafl fide of the fame county they alfo prevail in 
many places, and are found of the groaiclt ufo, being the 
means of dif patching much bufineL in a ready manner and 
without much expence of labour. 

The utility of tliefc railways has been found to be ex- 
tremely great in other coal-works and canals, where they are 
at prefent very extcnfively employed ; and it has been fug- 
geflcd, that they may be applicable in other cafes, as for 
fhortening the team labour ot a farm fo as to bring it within 
one day’s journey, where more than one were formerly ne- 
ceffary, by which a great faving in labour and cxpence may 
be made. Alfo, in rendering the bufmefs of lime works 
Kiore cafy and expeditious in dilferent inftances. It has 
likewife been hinted by Mr. Beatfon, in the firll volume of 
Communications to tiie Board of Agriculture, that they 
might be had recourfe to on roids wdicre there arc unavoid- 
able rifes or falls, for taking up or let ling down heavy loaded 
waggons or other carriages. It is obferved, that nearCole- 
brofjK Dale there is one at a fmall diflancc from the iron 
bridge, upon which loaded boats are drawn up to a canal, 
two niiiulred and twenty feet above the level of the river 
Severn, and let down in a fnnilar manner into it, by which 
means twenty-two locks are faved, and the work executed 
in an expeditious manner. Ii is fuppofed, that this is the 
greateft inclined plane in Europe, or perhaps in the world, 
tor tliough they are much ufed in Cliina in the place of locks, 
lie has never heard of any of tliem being equal in height to 
this. The rails arc bell made of iron. It is added, that 
they have been found ufeful in imjiroving fofl, molly, boggy 
lands, on which Iiorfcs cannot travel ; a rail road of this 
fort having been formed ihroiigli a peat mols near Maii- 
clK-fter by Mr. Wakefield, wdiile it was under improvement, 
at the expeiice only of about three huiulred poiinds a mile, 
on which a finglc horfe was capable of drawn’ng with the 
greateft facility feven waggons at once, each being loadi d 
with about feven hundred weight of marie, bearing in the 
whole forty-nine hundred weight, and with the weight of 
the waggons upwards of three tons. I’his was performed, 
it IS obferved, over a place where a few months before a dog 
could hardly venture without the danger of being fwamped. 
On the Ketley and other canals in the county of Sliropfhire, 
vaft advantages have been derived from laying railways upon 
inclined planes, and letting down and drawing up the dif- 
ferent articles by means of machinery, as may be feen in the 
very able Agricultural Report of that dillruft, where ex- 
cellent reprefentations of them are given. 


Bolides thefe different caks of lailwavs, another has been 
b'gg«^fti*d by the writer of the Annals of Agriculture, which 
IS that of having them laid from the flack-) aids to tlie thrafh- 
ing machines, hy wluch t lie grain may he conveyed to them 
at any time wiili cafe and convenience, as well as any parli- 
cular Hack that may he wanted. ' 

a ^ ingenious Dr. Anderfon, that 

the belt idea he can give of tlie benefit that may reliilt to 
the community from the ufe of this kind of raibNays, will 
be from flatmg iome fads relpeaing them, which were 
lately comnumicatcd to the Society of Arts by Mr. Wilkes, 
ol Meafliam, jiear Loiigliborough, in Leicefterfhire ; a 
ipinu d and judicious agnculiiinll. He had a railway of 
tills fort mad(‘, which was about five miles in extent, loading 
irmn a coul-minc to a market. He found it lo fully to 
anivver his expedalions after it w^as flnifhed, that heenmmu- 
mcatrd to tlu‘ above fociety an account of fome trials he 
liad made of it, requclling that fuch of the memlnrs of 
that ref])eftable inililution as were dcfirous of information 
on that head, would do him the honour to witnefs fome 
experiments that he wdfhcd to make upon it, for the informa- 
tion of the public. A committee of the members was ac- 
cordmgly deputed for that purpofe, and before them he 
fhew^edthal a moderate fized horfe, of about twenty pounds 
value, could draw- upon it with eafe down hill (the dclcent 
being one foot in a hundred) thirly-two tons, and williout 
much dilHcuJty forty-three, and levcn tons up liill, inde- 
pendent of the carriages. The dodlor concludes from thefe 
fads, that upon a perfedl level a horfe could draw with cafe 
from ten lo twenty tons. It is obferved, that Mr. Wilkes’s 
railway, on which the experiments wi re made, was, from 
local circumllanccs, laid upon w ooden llecpers, and is not fo 
perfed as thofc done U])on ftone. But it is added, that 
twenty tons are the load which fuch a horle could draw with 
eafe, travelling at the ufual waggon rate, in boats upon a' 
canal; lo that the number of horfes required in this Way 
will not he much, if at all, greater than on a canal. Cer- 
tain advantages attach to this mode of conveyance, which 
do not lo wtII apply to a canal, and vice verjd\ but it is 
not his intention to draw' a parallel between thefe two modes 
of conveyance. Nobody can entertain any doubt, he thinks, 
about the utility of canals where they are ealily pradicable. 
He only wilhes to point out this as an eligible mode of con- 
veyance where canals cannot be conveniently adopted. 

Jt is further remarked, that it was cultomary at the firll, 
to put the whole load to be drawn by one horfe upon railway^ 
into one waggon ; but iiowq when tlie load is fo much aug- 
mcntul. It ha’^ boon found eligible to divide it into many 
parts, fo that no one waggon fliall carry more than one or 
two tons ; by this mctliocl the weight is fo divided, tliat tlic 
prcffiire is never k> great ujion one point as to be in danger 
of loo much cridhmg the road; the carriages can be made 
much more limber and light in all their parts, and they are 
much more ealily moved, and more manageable in all relpoAs 
than they otherwifc would have been. And another advan- 
tage of this arr»nngemeiit, wdiich deferves to be particularly 
adverted to, is, that it admits of lliifting the carriages fo 
2iS to leave a load, as it were, in parcels at different places 
wliere they may be required, without trouble or expence. 
This, when it comes to be fully underilood and carried into 
pradice, will, he thinks, he a convenience of ineltiniable 
value, a thing that has been always wanted, and never )vt 
has been found though it has been diligently fought for. 
The able writer has here endeavoured to illidlrate its import- 
ance and utility in tranfporting goods from the wet docks 
now forming on the I lie of Dogs to London, and in carry- 
ing roads to different diftant parts of the country ; in which 
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caics, and in all where there it> much bufiuefs to be done, 
they would require to be double, one for goiwg, and the 
other for coming upon, to prevent interruption and inter- 
fertince. 

And he afterward*, offers a few n*marks, tending to fliew 
the prailicabilit y of the meafure, and to guard again 11 letting 
out upon a bad plan, v Inch might, he fuppoles, in time to 
come, fruitrait* lin* good that might, have refulted from the 
undertaking ; merely prcmifing, that he propofes thefe rail- 
ways folely for the purpofe of conveying weighty loads, 
leaving the roads, at* at prefent, open for coaches and light 
carriages. 

Alio with a view to difeover how far it may be practica- 
ble to introduce thefe iron railways into general ufe, he has 
made fonic inquiries refpeding the cxpence of making them ; 
and although this mull vary according to the abundance 
and goodnei's of materials, and oilier circumftanccs, the fol- 
h)\viiig llateinent nuy ferve to give fomc general notions on 
that head. In tlie rnoR eligible lUiiation, whore materials 
are abundant and good, and circuniliances favlyiirable, the 
loweft cxpence at which a fwjrle railway of this fort can be 
made, will be about one lliouland poinidr. a mile. But as 
a fingle railway mull be liable to great inconveniencio't, un- 
Icls under very particular cireunillancos, double railways 
ought to be confidered as the only ufeful fort. Thefe, lor 
public purpofes, according to the opinion of the inventor, 
fhould he very fubllantially made. The metal ufed ihould 
be of the lloutell fort, and of fubllancc enough, not merely 
to carry the weights propofed, but to be equal to bear abnoll 
any blow or (hock that they ma) be likely to experience ; 
and, thus made, what they will iofe by rull or wear, will 
be long ere it materially weakens them. Made after fuel) a 
manner, in favourable fituations in the country, a double 
railway may, he thinks, coll about two thoufand pounds a 
mile, but in the neighbourhood of London, where the 
charge of every thing is high, and where they lliould be of 
the lYrongell fort, we Ihould fuppofe they might coll nearly 
three th0ufand pounds a mile. It is bad economy, he thinks, 
to fave on articles of this fort at the firll ; for the little ex- 
pcnce thus laid out then will fave much in repairs : how’ fmall 
thefe repairs are, may be imagined from this circumllancc, 
that when a road is thus made, the undertaker does 
not fcruple to fupply all that are broken, free of charge, 
for the firfl three years. Say then that fiich a road cod 
three thoufand pounds a mile, this would bring a charge 
upon the turnpike of 150/. a-ycar ; fay 50/. more for annual 
repairs ; this is, in all, 200L per antium. Compare this with 
the cxpence of keeping the prefeut roads in repair. It 
has been fuggefted to him, that there is annually laid out in 
repairs upon the road from Hyde Park Corner to Hounllow, 
confiderably above one thoufand pounds a mile ; fo that the 
difference of expence is, even at the beginning, very much 
in favour of railways : and were the money thus at firll 
expended to be gradually paid off, the tolls might thus be 
lowered almoff to nothing. And, he thinks, that a turn- 
ike road cannot be made in almoff any fituation for Icfs, as 
c is told, than 1000/. per mile ; but where it is of confider- 
able width, as near great towns, it will run from 1500/. to 
2000/. per mile ; and in annual repairs, including the pur- 
chafe price of materials, carting them on the road, fpread- 
ing, raking off, and carting away again, from 100/. to 1000/. 
a^e. Say 1500/. prime coll, theintereil is 75/. and 150/. 
for repairs, the annual charge of fuch road will be 225/. 
This is an expence of 100/. a>*year more than the other* 
But for the prefent, let us fuppofe that they will be equal, 
the extra charge for putchaiing ground for a new waggon- 
way, &c. being equal to that iurplus ; let us now fee what 
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would be the difference of charge to the employers of thefe 
waggons in the two cafes, Suppofing the road to be fo 
much employed as that 100 waggons (or loaded carriages 
to the fame amount) pafs each day, carrying fix tons each, 
drawn by eight horfes ; thefe, at one (hilling each waggon 
fur toll (or two-pence a ton), would produce 5/. a day, or 
1825/ a-ycar; which, at the rate of eight miles for each 
turnpike, would be 228/. /T mile, the furplus being pro- 
duced by road horfes and light carriages. The charge then 
to the employer, for this llage, miift be 1825/. and the keep 
of 800 horfes, befides fervants, incidental charges, and 
owiit r’s profits for the tranfportingof 600 tons of goods a day. 
Sav that the fame horfes travel two llages a day, the turnpike 
money would be doubled; that is, ^6 ^ol. per annum ; the 
keep of 8co horfes, at 2 s. each per d'tem^ is 29,200/. Thefe 
fuir.t, added make 32,850/. ; owner^s profit and incidental 
charges, fay 10 per cent.^ 3285/. ; in all 36,135/., or, on 
2 1 9,000 tons (being 600 tons a day), about one-fourth 
ton. And fuppofing the lame quantity of goods carried 
on the railway, and the fame turnpike money paid, and 
that each horfe drew only fifteen tons, this would re([uirc 
only, he tliinks, forty horfes ; the keep of which, at 
2 s. a day, would he 1460/., add the toll, 1825/. i.s 3285/. 
per annum. Owner^s profit, &c. upon this fum \o per cent, 
a*? above, 328/. ; in all 3613/., or about four-pence a ton. 
jull one-lciith part of the charge in the other cafe. He 
thinks, that when the objcdl comes to be confidered in thi> 
point of view, few meafurcs that can be propofed will hold 
forili fuel) an important national improvement as this wouh? 
be. Confidered with regard to the confiimption of the 
produce of the earth (an objed at prefent deferving the 
fullell attention, as this improvement can be applied tr* 
almoll every part of the country), it would, he fuppofe^., 
reduce the number of heavy road horfes to one-eighth p«u-l 
of what they are at prefent, and of courfe augment the nuinbe: 
of cattle or other confumeablc provifions in a proportionate 
degree, fo as greatly to lower the price of the necellaries or 
life. It would, ill the next place, lower tlie ])rice of tlie car- 
riage of goods of all kinds to an amazing extent ; and lalily, as 
a confcqucnce of that, it would give fuch encouragement to 
agriculture, as no other meafure that can be contrived could 
ever effed, and that without colling one Ihilling cxpence 
to any one individual, or to the Hate. On the contrary, 
by inducing clieapnefs of provifion, and affording fuch effi- 
cacious encouragement to maniifadures and to agriculture, it 
would produce a general profperity, which, by aiigmcntinv, 
the confiimption of taxable commodities, would augmenl 
the public revenue ; while, at the fame time, every iiidivi- 
dual would feci himfelf relieved, from the preffure of many 
taxes that prove diftrefsful to him at prefent. After jullly 
reprobating every fort of gambling fpeculations by monied 
men in undertakings of this nature, and fhewing the nume- 
rous evils that attend them, he advifes it, as highly nccef- 
fary to prevent thefe railways from ever becoming private 
property, on any account, to keep them open and patent 
alike, to all who lhall ehoofe to employ them as a king’s high- 
way, under fuch regulations as it fhall be found neceffary to 
fubjed them to by law. In Ihort, they fhould, he tliinks, 
be put upon the fame footing, in all refpedts, as public roads 
are at prefent, only under the diredion of a diftind fet 
of coir.miflioners, who Ihould have the fuperintendance of 
every thing that concerns this fpecics of roads only. Thefe 
c«mm*f!kincr8 fhould be veiled with -authority under an ad 
of parliament, to ered turnpikes upon them, to levy certain 
ftipulated tolls, and to mortgage the produce of thefe tolls 
for the purpofe of raifing money to be applied in the necef- 
fary purchafes of land, and making the roads. In the ad it 
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/hoiild be exprclsly (lipulated, that the produce of tlicfc 
tolls ftioiild bo applied folely to keeping the road in repair, 
paying tlie intcrell of furns borrowed, and clearing oft the 
principal as fall ns the colledions would admit ; and when the 
whole money borrowed was thus paid off, tlie tolls ftiould 
be fo lowered as only to produce money fnfliciciit to keep 
the roads in a ftate of continually good repair. Thus 
would the cxpcnce of traafporUng goods he .muually di- 
miniftiing, and the profperity oF the country he ilunhy aiu>- 
meriting from day to day. ide adds, that he is particularly 
c^arneft in this bufinefs, as he has not been an unconcerned 
«)bfervc’r of the efletts that have relulled from the etlabhlh- 
nieiit of turnpike roads in Scotland, winch were hegun 
within his recolledfion ; and thefe efte<^U havr been inch 
as no man who had not feen it would have believed could ever 
have taken place. Dillance may be laid to b'- thu^ dimi- 
niftied from jdacc to place ; lands that were originally far 
beyond the inftueiice <»f the town as a market for any thing 
elfe than live-flock, are thus brought, as it were, dole to its 
gates; and the value of the produce of many articles is 
thus to them augmented fourfold, while tliey are at tlie 
fame time diininifticd to the public. Nc^t only is the value 
of produce railed, but the quantity alfo of tliat produce is 
augmented exceedingly by means of manures which become 
then dcccftiblc. I'oftile manures, fucii as chalk, hme, and 
marie, whidi vvtre formerly confined to a narrow l]K)t, cx- 
pard thernfclves as if it u'(‘rc])y a magical pow'er,aiKl by that 
cxpanlible influencediftnle around fertility, riches, and plenty. 
Coals and other w -ighly artich'S tfitn may beurdul in arts 
rir rriariufacturcs of \arious kinds, which never wi-re, nor 
>'vcr could liave been of any value to the owners of tli'-m, 
lo long as t he I'xpence of Iranlpca'l atioii exceeded a cen.un 
<uni, iind a ready rn«irkel to any ex'ti*nt as fo(»n as tJie pnct* 
falls In-low that latc, thus cnnlnbuting not only towards the 
•Miridnng of the ovMiers, hut to llie furuilhing of employment 
to tile varicnis ]n‘rlbiis who mull be engaged in preparing o 
^raiifport ing fliein to market, and th(‘ iiiiiverlal accomr.oda- 
1 ion of tlie ^\ hole. Around ev' i y m irket you ii ay fupjioic a 
number of concentric circle^ d,M\\n, williin each of which 
• ertain articles become marUaabk' winch were not fo be- 
tori', ,ind thus become the fou''c{' of wealth and profpent\ 
fo many individii.il;.- Dimlnilh t!n- ixpence ol carriage hut 
one farthing, .md you widen the ( ircle ; yem form, as U 
were, a ik’vv real ion, not only of llonc’S, and earth, and 
tr'S’s, and plants, but ol iiu . alh anu what is more, ol 
induitry, of happmels, and joy It is added, that by 
making tlicfc roads tlie property of the public, and fret to 
every perfon to bring bi.s own w'.iggoiij upon them whcrc\i r 
lie p]e..Cd, farmers, when near them, would make bye roads 
of the lame A>rt leading inlt> thefe from their refpeaive prr- 
uiifes ; llie inhabitants of villages and eomitry dill uld 

join togetlier, and at one common expence make roads of tlie 
lame fori loaclingto a greater dilianee inwards, as they ikjw 
make hyc roads for theinielvc s. d'hus would all he aceommo- 
datt'd ; thofe who had bufinefs enough to fiirnifti a fnfiicieiit 
load for one horfe might go to mails et with it when they 
alcafed : thofe wdio had dt .dir'gs oi. a Inialk-r icale could have 
one, two, or more wiggons of llicir own ccmjoinc'^ with 
rhofe of others to make up a load for one horfe: and thofe 
of llill (mailer means txiuld have one w '^ggoii loaded with the 
joint articles belonging to two, ♦^hree, or more. A Ion 
w^'ight might be pufl'ied bcfc.re a man to markt?t for 
many miles, as a whcelba.iovv is no.v. It is fcarcely poflible, 
he iuppofes, to eofiteinj. an u-ili^ution from winch would 
refult a greater qnantuni e* jm .nony, peace, and comfort, 
to perfo^r* liMiig in the cou‘'t:rv> than w ould naturally refult 
from tlilr airacgeiucnt. In he knows, belays, no one 
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incafure, tliat would tend fo cffeiJliially to lower the price 
ot the iicccliai ic'5 of life, and rellon* abundance. 

In what regard- the method of forming and conftrufting 
tin li' r.ul ways, it is ol;lrrved hy the fame writer, that the 
following fijs been givci* by the invertor as tin' moil improved 
plan: flrll, that tlie lu'll line tin' cmnitry aflords (hould be 
traced out, liaviug reg.trd to the direriion of the carriage 
of articles or trade to be expeded ; and if inch trade DC 
both ways in marly equal qn.nitit icf), a line as nearly hori- 
zontally level as poftible fliould he chofen. If the trade is 
ai lie diredtion, as is generally the cafe between mines 
and navigation, then the inoft dclirable line is one with » 
gentle gr.uiual dcfceiit, fuch as fhall make it not greater 
labour lor the horles employed to draw the loaded wag- 
gons dinvn, than the empty ones hack ; and tins will lx‘ 
found to be the cafe on a railway delceniiing about one 
loot veitical in one liundred feel Imri/vinla). Or, if tlic 
railway and carnages arc ot rlu' very liell conflrudiun, the 
defceiii vertical may be to ihe length horizontal as i to* 
yOf v\ here there is little or nc» upgatc loading. In 
cafes between mines and navigations tliedcfcents will often 
be found greater than could be wifhed. On u railway on 
the improved plan, where tlu* rl-feent is more than as i 
to 50, fix or eight waggons, lo.uled with thirty or forty 
luimlred wciglit each, will have Inch a tendency to run dowm- 
v/.irdh, as would require gri-at lahu'ir of one horfe to check 
and regulate, uniefs lhattendeuey was checked by fledging 
foine of the wheels. On Ineh, and fleeper roads, iron 
fhpptrsare applied, one or more to a gang of waggons, as 
oec afion may retpiire. Kaeh flipper being ihained to the 
lide of one of the waggons, and, being* ]nit under the wheel, 
foims a lledgt Where the deftent is very great, fteep in- 
clined ])lanes ;iih utachinrry, may', it is ohlervc’d, be 
adojUi d, fo as to render tie' ot lu r parts of the railway eafy, 

( )u fill h iiK Inied planes the di 1 (H nding lo<ided waggons being 
.!p]>' i tf iUli* the ah ending empty, orp^irtly loadt'd ones, 

I he ni l 1 fhty ei f)*‘dgnig the wheels is avoided ; and theiaboui 
of the horfi. gHMliy retluci d and leflened. 

In order to olitain the dcfind levels, gentle defeents, (>r 
ji Cep iiK lined planes, and to avoid lharp turns, and circuitiiiiui 
tri.eks, 11 will ofu n be found j)rndenl to crols valleys by 
bndgiss and endniukineiils ; to ( ul throiigli ridges of Iniul ; 

d in verv nigged eountnes fliort runnels may, he thinks, 

I» Mutime^ be iieeellary. ''i'he line of railway !)c*iiig fixed, 
and the plans and le(!‘tmiiB by uhiih the fame is to be exc 
tut(d and Itttled, tie* ground for I lie w hole inuil he forniCtl 
and efreChially dr.uned. I’h breadth of the bed for ^ fingle 
i.nlv.ay, flundd be, in general, four yards ; and for ri double 
one fix \aids, exeluiive of the fences, fide drains, and 
ramparts. 

'fh It the bed of road being fo formed to the proper in- 
chnation, and. the embankments and w'orks thereof made 
him, the furface mnft be coverud with h bed of ftones broken 
fm.dl, or good gravel, fix inclies in llucknefs or depth. On 
this bed mull bt* laid the fteepers, or blocks to faften the 
raila upon. Thefe ftiould be of floue in all places where it 
can be obtained in blocks of fuftii u nt fize. Tle-y ftiould be 
not lefo than eigiit, nor more than tvvvdv inebt'S in tln .kiK'ls ; 
and of fuch hreadth( circular, fquarc, or triangular,) as fhall 
make them lyolbs, or 200lbs. weight each. Their fhape it 
not inalcrial, fo as tliey have a flat bottom to rcll upon, 
and a fmall portion of their upper furface level, to form a 
firm bed for the end of the rails. In the centre of each 
block fhouid be drilled a hole, an inch and a half diameter, 
and fix inches in d(*pth, to receive an ottagoual plug of dry 
oak, fiv'" inches in length ; for it fhouid not reach the bot- 
tom of the hole ; nor fhouid it be larger than fo as to put in 
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cafily, and without much driving ; for if too tight fitted it 
might when wet burlt the ftone. Thefe plugs are each to 
receive an iron fpikeor large nail, with a flat point and long^ 
head, adapted to fit the counter-funk notches in the ends of 
two raib, and thereby to faften them down in the proper 
pofition, or fituation in which they are to lie. 

With regard to the rails, they fliould be of the ftouteft 
caft-iron, one yard in length each, formed with a flanch on 
the inner edge, about two inches and a half high at the ends, 
and three and a half in the centre ; and fhaped iu the bell 
manner to give llrength to the rails, and keep the wheels in 
their track. The foies of the rails, for general purpofes, 
fliould not, he thinks, be lefs than four inches broad ; and 
tlie tliicknefs proportioned to the work they arc intended 
for. On railways for heavy burdens, great ule, and long 
duration, the rails fliould be very flout, weighing 4olbs., 
or, in fome cafes, nearly half an hundred weiglit each. For 
railways of lefs confequence, lefs weight of metal will do ; 
but it will not be prudent to life them of lefs than 3olbs. 
weight each, in any fituation expofed to breakage above 
ground. lint it is obferved that in niiiies,^ and other works 
under ground, where very fmall carriages only can be em- 
ployed, very light rails are uled, forming what are called 
train roads, on a fyllem introduced by Mr. Carr ; audthcle 
kinds of light railways have been much ufed above ground 
in Shropfliire, and other counties where coals and other mi- 
nerals arc obtained. 

It is added, that in fixing the blocks and rails great atten- 
tion is required to make them firm. No earth or foft ma- 
terials fliould be ufed between the blocks and the bed of fmall 
ftones or gravel, on which the rails inuft all be fixed by an 
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iron gage, to keep the fides at a regular diitance, or parallel 
to each other. The beft width of road for general purpofes 
is four feet two inches between the flanches of tlie rails ; the 
wheels of the carriages running in tracks about four feet fix 
inches afunder. Rails of particular forms are necefl’ary 
where roads branch out from or interfeft each other ; and 
where carriage roads crofs the railways ; and, at turnings of 
the railways, great care is required to make them perredly 
eafy. The rails of the fide forming the inner part of the 
curve fliould be fixed a little lower thaw the other; and 
the rails fliould be fet a little under the gage, fo as to 
bring the fidcs nearer together than in the ilraight parts ; 
thefe deviations in level and width to be in proportion to the 
(harpneft of the curve. The blocks and rails being fixed and 
fpiked fall, nothing more remains to be done than to fill the 
horfe-path, or fpace between the blocks, with good gravel, 
or other proper materials ; a little of wdiich niuft alfo be put 
on the out fide of the blocks to keep ‘them in their proper 
places. This gravel fliould always be kept below the fur- 
face of the rails on w^hich the wheels are to run, to keep the 
tracks of the wheels free from dirt and obftru Aions. The 
form of the rails mufl be fuch as will free them from dirt if 
the gravelling is kept. below their level. 

And in the conftru 61 ing of the carriages great attention 
to avoid fridion is necellary, particularly in the formation 
of the wheels and axles, which mufl be adapted to the fort 
of railways and kind of loading; but for which general 
direftions cannot be given in a narrow rornpafs. It is pro- 
liable that this valuable invention may alfo be applicable to 
many other purpofes in agriculture or manufadurcs, as it 
becomes more fully underflood, and the facilities which it af- 
fords are better known. See Canal, 




RED, in Phyfics, one of the fimple or primary colours 
of niitural hoJies, or rather of the rays of light. 

The red rays arc thofe which are of all rays the ^ea^t re- 
frangible : hence, as iir Ifaac Newton fuppoles the different 
degrees of refrangibllity to urlfe from the different magni- 
tudes of the luminous i)articles of which the rays conliff, the 
red rays, or red light, is concluded to be that which confifts 
of the largeft particles. Sec Conouu, Light, and Ray. 

Authors dillinguifh three general kinds of red ; one bor- 
dering on the blue, as colombinc, or dove-colour, purple, 
and crimfon ; another bordering on yellow, as dame-colour 
and orange ; and between thefe extremes is a medium, 
partaking neither of the one nor th^ other, which is what 
we properly call red. 

Acids generally turn black blue, and violet into red; 
and red into yellow, and yellow into a very pale yellow. 

Alkalies change red into violet, or purple 5 and yellow 
into feuillemort, or dead leaf-colour. 


Terrcilrial and falplmreous matters become red by ex- 
trcnie heat; and fomc, at length, black, as we fee in brick, 
red bole, red ehalk, dale, kc. All ihcfe, when vitrified 
by a hiirning-glafs, become black. 

Lohller> become red by a moderate fire ; and by a violent 
black. iVbncury and fulphur mixed and heated oyer 3 
moderate fire make a beautiful red, called artificial cinnabar* 
An acid ipiiit, as lemon juice, being poured on a blue 
fuUi'ion of tdiulole, turns it into a beautiful red. Alkali 
rollon 3 it again to its original blue. Filtrating of fomc 
rcddllh wines takes from them all their red colour. 

M. De la Hire obferves, that a very luminous body 
viewed through a black one, always appears red; as when 
the fun io fecn Ihining through a black cloud. He adds, 
that fomc people who fee all the otier colours pcrfcflly well, 
yet iia\e no i<lc.i of red, and only fee it as black. 

Rkd, in Cnfmetksi a fucus or paint with which the hdies 
ciili mi their cheeks and lips. 
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There are two kinds of reds ; the one in leaves, called 
Spanifb red ; the other a liquor, which is an cxtraA of a 
fcarlct dye. 

Rl'O, in Dyemgi is one of the five fimpleor mother colours 
of tile dyers. 

Some reckon feven kinds, or calls of red ; via. fcarlet- 
red, crimfoii-red, madder-red, half-graiu-red, half-crimfoti- 
red, lively orange -red, and fcarlct of cochineal. But they 
may be all reduced to three, according to the three princi- 
pal drugs which give the colours ; which are kermes, co- 
chineal, and madder. 

The fincfcarlet, called fcarkt of the Gohehnsj is given with 
agaric, bran-water, woad, and fcarlct grain, or kermes. 
Some dyers add cochineal, and others fenugreek ; brighten- 
ing it with bran-water, agaric, tartar, aiiu turmeric. See 
Kekmks and ScAHLi:Tt. 

Crimfon-red is dyed witli bran-vvatcr, tartar, and mefiiquc 
cochineal. Sec CuiMSOK. 

Madder-red is dyed with madder ; to whiclx lomc add real- 
gar, or red arfenic : others, commoi* fait, or other falls, 
with wheat-flour ; or agaric with fpirit of wine, with galls 
or turmeric. See Maddi’k. 

The half-gram is made witli agaric and bran-water, half 
Icarlet grain, half madder, and fomctimi s turmeric. 

The half-crimlon is made of lialF madder, half cochineal. 
As to the lively orange-red, the Huff mull be firll put in 
yellow, then in a liquor made of goat^s hair, (which has been 
boiled fcverul times with madder,) dillolvcd o\cr tlie fire with 
certain faliiic liquors, as urine, tartar, &c. 

The Icarlet of cochineal, or Dutch fcarlct, as the French 
call it, is made with llarch, tartar, and cochineal ; after firll 
boiling It with alum, tartar, fid gemma, and aqua forti.s 
in which pewter has been diffolved. 

Bcfidcs thefc feven reds, which arc good and allowed co- 
lours, there is alfo a Brafil red ; which is difcoiiragcd, as 
fading eafily. 

Or the feven good reds, only four have particular calls, 
or (hades ; tlie madder-red, crimfoii-red, lively orange-red, 
and fcarlet of cochineal. 

The calls or lhades of crimfon are flcfli colour, peach 
colour, carnation rofe colour, and apple-tree flower colour. 
Thofc of madder arc flcfli colour, oiiion-pctd colour, and 
Jlaine colour. Thole of orange are the fame with thofe of 
crimfon. Scarlet, bcfidcs the lhades of all the reft, has 
lome peculiar to itfelf, as cherry colour, fire colour, &.c. 
See DvEINCi. 

Red, in the ManufaHure of Glafs. Sec Red 

To make a deep red in glafs, the following method is 
that moll pra^lifed by the glafs-mcn. Take cryllal frit 
twenty pounds, broken pieces of white glafs one pound, 
calcined tin two pounds ; mix thcle well together, and put 
them into a pot to melt and purify. When thefe arc 
melted, take Heel calcined, fcales of iron from llic Imith’s 
anvil, both powdered very fine, of each an C(|ual quantity ; 
put leifurely an ounce of this mixed powder to the before 
mentioned metal ; mix all well together, and let them Hand 
fix or eight hours in fufion to incorporate ; take out a proof 
after this, and if there be too little of the powder, it will 
appear of a dufley yellow ; then more of the powder mull 
be added, and then add three quarters of an ounce of cal- 
cined brafs, ground to a fine powder ; mix them thoroughly 
together, and the mafs will be of a blood red ; continue Hirring 
the w'hole together, and frequently taking out proofs of the 
colour, when it is right, work it immediately, otherwile it 
will lofe its colour and become black. The mouth of the 

f )Ot muH in this procefs be left open, elfc the colour will be 
oH. Neri’s Art. of Glafs, p. loo. 


Red, ill Heraldry. See Guides. 

Red, in Painting. For painting in oil colours tliey ufi' 
a red called cinnabar, or vermilion ; and another called htcca 
Sec each in its place. 

In limning and frcfco, for a violet red, inftead of lacci' 
they ufe reddle, a natural earth found in England ; for :* 
brown red, they ufe burnt ochre, which is a native ycllo\' 
earth, made red by calcination. It is chiefly brought 
from Oxfordfliirc ; and burnt by thofe who prepare it 
ill large ovens. The marks of its goodnefs are bright - 
nefs of colour, and a friable chalky texture, without ma 
nifelbng any gritty roiighnefs when rubbed betwixt the 
fingers. 

The common Indian red, which is of a hue verging to tin 
fcarlct, is much ufed, on account of its Handing and warn< 
though not bright colour, in finer as well as coarfer paint 
iiigs in oil. It may be prepared by taking of the caput moi - 
tuum or ochre left in tlie iron pots after the dillillatioii o( 
aqua fort is from nitre and vitriol, two parts ; and of tiu 
caput inortuuin or colcothar left in the long necks after the 
di Hill at ion of oil of vitriol, one part ; breaking the lump^ 
found among them, and putting them into tubs with a goO(^ 
quantity of water : and having left them to Hand for a da) 
or two, frequently Hirring them, then lading off as mucl. 
water as can be obtained clear from them, and adding a frcfli 
quantity ; repeating the fame treatment till all the falls In- 
wafhed out, and the water comes off nearly iiifipid. The 
red powder which remains muH then be waflicd over, and, 
being freed from the water, laid out to dry. When this i.N 
defigiied for nicer purpofes, it Ihould again be waflied over 
in bafons. 

The true Indian red is a native ochreous earth of a piirph 
colour, brought from the ifland of Ormus, in the Perfiaij 
gulf ; and called, among the authors on thefe fubje£ls, terra 
Perfica. At prefent it is very rarely to be found ; but it 
is certainly very valuable (there being no other iincom- 
pounded purple colour m ufe with oil) as well for the force 
of its efledf, as for the certainty of its Handing. In its 
genuine Hate, it needs no oilier preparation than grinding 
or wafliing over. It may be eafily diHinguifhcd from any 
Iklitioiis kind, by its being more bright than any other ochre 
which can be made fo purple ; and if it be rendered artifici- 
ally purple by any addition, the fire will loon betray it ; 
into which the genuine may be put without any liazard of 
cliangc. 

Venetian red is a native red ochre (fee Vek eta W«r), 
not much different from the common Indian red, hut fouler ; 
and may be eafily prepared, by mixing common red ochre 
with the colcothar or caput mortuum taken out of the aqua 
fortis pots, and waflied over. As it is generally ufed by 
the houfe painters in imitation of mahogany, it requires no 
other preparation tlian to be well ground with the oil witli 
which it is ufed ; but when it is ufed in miniature painting, 
it Ihould be carefully waflied over. 

Red, Blown, in the Porcelain Manufa&urc, a name given 
to a peculiarly coloured china ware, of a fpangled red, or to 
the colour alone that fpangles it. It is an ornament eafily 
introduced into ufe in our own maniifaftoricB of porcelain 
ware, and is done in the following manner. The colour is 
to be prepared of common copperas, calcined to a red 
colour in a charcoal fire, in a crucible, with another luted ou 
the top of it inverted, and with a hole in its bottom. The 
fignal of the calcination being finiflu d, is, when the black 
clouds ceafe to come up through the hole, and a fine white 
thin vapour rifes in their place. Tiie veffcls are to be then 
fuffered to cool, and the red matter in them is to be reduced, 
to a fine powder, while the veffcls to be coloured with this 
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arc yet vret. The operator is to provide a glal's pipe, and 
^!Overing one endot it with a piece fine gauze, he is to 
dip this into the powder, and taking il carefully out, with 
/hat little is fticking to it, he io to blow agaiiill the velTel 
at fome dillaiice from it : thus the fined part nf tlie powder 
only will reach the vcffel, and will be la'd on in form of 
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glittcr.ug fpanglcs, very fmall, but ait dillind. This ii 
iort ()i colouring much elteemed bytlte Chinefc thcmfelvcs, 
and they have a way ot ufing the common blue in the fame 
manner ; but lew of t 'o v^llels thus painted come over 
to us. 
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RKi’iNlNG, in Alttallurgy ?l\\^ y^ffhylng* In the for- 
mer it figniiics the means of obtaining imtals from ihcii 
ores, and from any other impurities, natural or artificial ; 
for which fiv- the metal" under their refj>c(St]ve heads. 
In the latter it is employed for afcertaiTiing the quant it\ 
of the noble metals in the difiVrent alloys ; for which fee 
Ct’i’Kn ; where the method.’, of refining in the furnace ari, 
fully treated. And for tlic humid procefs called parihg, fee 
Gold. 

It may be proper here to obferve, that although the pro - 
c( ffi of parting by nitric add is ftill praetifed, \%e are in- 
clined to recommend the method propofed by Bergmann, 
which confifts in diffolving tlie alloy of gold and filver in 
nitro-murialic acid. The lilvcr falls to the bottom in the 
ftate of muriate of filver, and the gold is precipitated by tlic 
green fulphate of iron. The gold, by this means, is obtained 
perfedly pure, which is feldom tlie cafe in the procefs of 
parting. The trouble ol telling to know what filver to add to 
the alloy, to make the gold equal to one-fourth of the filver, 
will be laved, and, with heat, the nitro-muriatic acid dilioivcs 
the gold quite as foon as the filver is dillolved in the common 
method. The muriate of filver, which is cafily feparated by 
wafhing, may be readily reduced by healing it with foda in 
an iron crucible. The foda combines willi the muriatic acid, 
and is fublimed in white fumes. 


Refining of Sugar, This operation is begun by fevcral 
flrong lixiviumn or leys of limi^-watcr and egg^, Ihrll'. ;md 
all, mixed and beaten together. 

The firlt refining is performed in the Caribbees, ami otlicr 
places, where tlie fugar-caiies are cultivated ; and only Icrve^ 
to make the brown or coarfe fugars. 

When thefe arc imported into Europe, the fugar-bakers 
take them up, and refine them farther, by a fccond opna- 
tion, or rather a repetition of the firll. 

To render tlie fugar very fine, fit for confections, &(, 
tlioy give it a third refining; in which they only ufe the 
wlntcs of eggs «an(l their fiiclls beaten together, and thrown 
into the mi Ited lugar ; which called clarifying the fugat\ 
Sec Sl(jah, 

Refin I N(; of Salt petre, I'he fait bein^ put into an 
earthen or iron vellel, as much fpring-water is poured on it 
;.3 fulFiceo to di/Iolvn it. The vcfl'el is then put over a gen- 
tle fire ; and as foon as the water begins to boil, alum pow- 
der is thrown into it : the proportion is, one pound of 
alum to one hundred and twenty-eight pounds of falt-petrc ; 
and a little vinegar is added. As it boils, the feum is to be 
taken off ; and it is to be evaporated till a pellicle appears on 
Jt, and then fcl to Hioot. 

For the refining of other maUei.> a. c .mipliui, eiim.ibai, 
fulphur, fait, borax, 6cc. fee Camfiioii, Cisn alak, Sll- 
PHUR. Salt, &c. 
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REGULATOR of a Watchy is a fniall fpring belonging 
to the balance, Icrving to adjult the going, and to make it 
go either falter or flower. 

Regulator of Velocity y in Mechanics y is a contrivance 
for regulating or governing the motion of a mill, or other 
large machine, by means of which it will always be caufed 
to preferve an equable and regular velocity in the motion 
of its parts, notwithllanding any accidental nicreafc of the 
moving force, or dccrcafc of the reiiltance tlrat may occa- 
fionally arife. A regulator mull be conneiled with fome 
lever, or other parts of the machine, wliicji commands the 
fupply of whatever conftitutes its moving force, as the 
(huttle of a water-wheel, the fail-cloth of a wind-mill, or 
valve of a Ileam-cngine ; and it fhould have the property 
of aftfng fuddenly upon this lever, or other part, the inftant 
any incrcafc or dccrcafc of velocity in the motion takef 
place, either to elevate or d -prefs it, and thus regulate the 
fupply ill a degree proportu/ued to the quantity of altera- 
tion in the velocity ; and it is by the feiifibility and accu- 
racy of the regulator in this refpcdl that its perfeftion is 
eftimated. 

The regulator mod commonly ufed is called a governor. 
This conlifls of two or more pendulums fufpended from 
joints, which are fupported upon a vertical axis ; this being 
caufed to revolve by the machine, and the pendulums ac- 
companying it, the balls will, by the centrifugal force, 
recede from the axis or centre a quantity proportioned to 
the velocity of the motion and length of the jiendulum ; 
then, on any acceffion of the motion, they recede ftill further 
from the axis, or vice verfiy if the velocity diminifhes. This 
motion is contrived to aftuate tha lever which regulates 
the velocity of the machine in a ftcam-engine ; it la con- 
neft<id with the valve which admits the (team from the 
boiler to the cylinder, in a water-wheel with the ftiuttle, 
through which the water flows, or in a wind-mill with 
the mill-ftones, or fail-cloths. See a farther defeription 
under Mill-work, STEAM*£nginey and Windmill. 

The principle of the governor is the fame with the cir- 
cular or conical pendulum, of which Huygens has laid 


claim to the invention, as well as of the long pendulum for 
regulating clocks, who fays he difeovered it nearly at the fame 
time as the other. Thf' conical pendulum circulates fcconds 
when of the lame length with the common pendulum, which 
will vibrate only half feconds. To explain it, we mult fup- 
pofe j ball or weight to be fufpended by a (Iriiig or rod, 
fo that the ball can deferibe in a horizontal circle by a 
motion of the rod round a vertical axis, with which the 
centre of fufpcnfion coincides. In this motion the rod of 
the pendulum will deferibe the fiirfacc of a cone, of which 
the point of fulpenfion is the vertex, and the horizontal 
circle which the ball deferibes is the bafe : it is lienee called 
the circular or conical pendulum. The ball has liberty to 
recede from, or approach to, the axis, by moving upon iti 
centre of fufpcnfion, and thus the circle the ball dcfcribei 
will be enlarged or diminifhed ; and it is this circumllance 
which gives it the property of circulating or performing a 
revolution always in the fame fpace of time wliich a Ample 
pendulum of four times the length would vibrate ; for this 
takes place equally whether the ball is extended to deferibe 
a large circle, or retrafted tjo revolve in a finall one ; though, 
it ftiould be obferved, that this is only true in the fuppo- 
fition that the pendulum-ball, ia moving from the vertical 
axis upon its centre, will deferibe a .parabola inflead of a 
circle, in the fame manner as the ball of a common pen- 
dulum is required to move in the arc of a cycloid in (lead 
of a circle, to caufe all the vibrations, both long and fliort, 
to be performed in equal fpaecs of time. Mr. Martin has, 
in his Inllitiitions, given a very complete explanation of the 
principle of this pendulum, by fuppofing an inverted para- 
bola, with its axis placed in a vertical pofitiou ; then fup- 
pofing a bowl or veflel excavated by the revolution of thii 
figure upon its axis a paraboloid will be formed. A heavy 
globe or ball being put m this bowl, may, by agitating the 
veflel, be caufed to perform a revolution in a horizontal 
circle within the veflel, and it will be found to circulate in 
the fame period of time, whether it deferibes a fmall circle 
near the bottom of the veffcl, or a large circle in its tapper 
part, where the diameter is larger. 
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I'he governor or flying-ball is the regulator moft gene- 
rally uied in machinery, although there are other means 
winch, in particular inftances, arc preferable, from the cir- 
vuindai ce of tlieir poflHfing a greater power to operate 
upon the regulating part of tlic maclxine. One of thefe, 
called the water-regulator, confiRs of a pump, which, being 
worked by the n\achinc, will raife water into a cilbern, from 
which a confiant ilreani flows off by a pipe and cock ; a 
float is placed upon th<* iurfacr of the water in the ciftern, 
and this communicates with the Iteam-valvc of the engine, 
or fluittle of the water-wheel. The operation of this regu- 
lator k eafiJy explaine ), for the pump will raife a quantity 
of water exav!*lly propertioned to the velocity of the machine, 
or the numht r of Ibrokos it makes ; whereas the ftream 
which flows off by the cock is a coiiftant quantity, and 
equal to that v.hith tlie pump will fupply when the machine 
moves witii its intended velocity. Wlien this is the cafe, 
the furfacc of water in the ciibcrn will Hand at the fame 
lieiglil ; hiii if the velocity is incrcafed, the pump will raife 
iTion water into the ciitern tlian the pipe and cock will 
carry oil’, and the furfacc rifing, elevates the float, which, 
hy its a(flion to diminiflithe lupply of power to the machine, 
will correct the acceleration winch had taken place in its 
velocity, Tlie oppofite effect takes place if the velocity 
d'’creafc?, v/z. tluit the fupply to the cillern being dimi- 
nifhed whdfl. th<* e/flux is conllaiit, the furface will fink, 
and the float cl feending, opens the valve or fhuttle, and in- 
creafea the fnpply of ju'wer to the machine until it regains 
the original velocity. The great advantage of this regu- 
lator is, that it can fo readily be made to keep the macbnie 
Heady at any velocity ^\hich may be required, and this 
by merely opening or clofing the cock ; thus, if it is 
opened to carry off a greater quantity, the furface will 
fubfldc, and the float, by defeeuding, opens a greater fup- 
ply of power to the machine, and occafions it to move 
quicker ; but this, tliough it raifes more water by means 
of the pump, will not raife the furface of the water in the 
cillern to fo great a height as it Hood at before, becaufe 
the efflux is now equal to the ineveafed fupply. 

In all cafes this regulator will caufe the machine to 
work at fuch a rate, as to make the pump raife the fame 
quantity of water as tlve cock emits, and its rate may be 
afeertained before it is put to work ; for if the quantity of 
water which the cock will difeharge in a minute, or other 
given fpace of time, is known, and the dimenfions of the 
pump; then it may eafily be calculated what number of 
itrokes minute the pump muH make to raife an equal 
quantity of water. The fcnfibility of tliis regulator will 
be increafed by making the cillern of a fmall lixe, becaufe 
then any deviation from the intended rale of working will 
caufe the greater elevation or depreflion of the furface, and 
a greater adlion on the fkiat ; and, for the fame purpofc, 
it IS bell to make the ciHcrn gradually diminifli in area, fo 
as to be fmaller both towards the top and at the bottom, 
than at tlie place where the furfacc is expedit'd to Hand 
when the machine moves with the proper velocity. By 
this means it will rife or fall more rapidly, in confcquer.ee 
of the diminiflied area of the ciHern, when the alteration of 
velocity is confidcrable, and a greater corrcdlion is required, 
•ihan when the alteration is only trifling. It is necelfary 
that the pump fliould raife a conHant Hream of water into 
the ciHern, both in the afeent and defeent of its bucket : 
lo do this, two pumps, adling alternately, may be ufed, or 
by a very Ample contrivance a Hnele pump may be made 
to cffcdl the fame ; thus, upon the rod of the pump a 
cylinder of wood is fixed, which is of fuch a diameter, that 
its area is equal to half the area of the pump-barrel, and its 
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length being equal to the length thereof, its content will 
be equal to one-half of the barrel : this is fixed on fuch a 
part of the rod, that it will, by the rifing and falling of the 
rod, be drawn up out of water as much as the rod and 
bucket moves : now, when the pump-bucket is drawn up, 
the rifing of the cylinder above the furface of the water 
increafes the capacity of the ciHern one-half as much as 
the quantity of water which is thus drawn up into it, and 
the efflux of water by the cock being juH equal to the 
other half, the furface will be Hationary ; ana when the 
bucket defeends, and no water is raifed, the cylinder going 
down into the water diminifhes the capacity of the ciHcrn 
a quantity equal to the quantity of water which will flow 
off in the fame time, and thus fupplies the waHe of water 
which flows off in the fame time. A regulator of this kind 
may, in many cafes, be formed from fome part of the ma- 
chine, without any additional apparatus : thus, the cold 
water-pump of a Ileam-engine will raife the neceffary water 
into a ciHcrn for the float to in, and this float niuH be 
conncdlcd with the arm of the Heam-valve. Alfo, in an 
engine for blowing a furnace, where it has a water-regulator 
(fee Blowing), the rife of the water in the external ciHern 
may regulate the motion of the engine, the whole machine 
being of the fame kind with tlie regulator wc have 
deferibed. 

A regulator would he applied with great advantage to a 
machine which is ufed in the Cotton MANUKACTrnK (lee that 
article), for drawing a ])tccc of cotton cloth regularly and 
llowly over a red-hot cylinder of iron by two rollers, from 
one of which it is wound to the other : now, if the men who 
turn thefe Hop but for a moment the cloth is burnt through, 
hut by a regulator it might be lifu'd off the hot iron the 
iuHant the motion was fo far diminiflied as to endanger the 
firing of it. 

The water-regulator is rendered more powerful by fuf- 
pending the cillern from the end of a lever, like a fcale-beam, 
the oppofite end of which has a countorpoife fufticient to 
balance the weight of the ciHern when the water in it Hands 
at the intended height ; hut if the water increafes in the 
ciHern from the caufes above deferihed, the box will defeend, 
and the motion of the lever will adt upon the macliine lo 
make the regulation the fame a» the motion of the float : on 
the other hand, when the w^ater in the cillern diminiflics, 
the couiitcrpoife will draw it up and give motion to the 
lever. The water from tlie pump is introduced to the cillern 
by a fpout, and all the other parts have the lame conllrudlion 
as we have deferibed. 

It is a defedl of both the regulators we have above de- 
feribed, that they do not operate upon the machine until the 
alteration of velocity has adtually taken place, although they 
immediately corredl it. It would be defirahle to have others 
which would make the corrcdlion before the evil taki s place : 
for iriHance, in a wind-mill, which is more fuhjedl to irregu- 
larity than any other machine, a large vane may be fufpended 
by a heavy pendulum, and oppofed to the wind ; now the 
force of the latter, when blowing regularly, will caufe the 
pendulum to incline a certain quantity from the perpendi- 
cular ; but if the wind increafes or diminilhes, it will incline 
more or lefs, and this motion may be communicated to the 
(huttle which regulates the feed of corn, fo as to give more 
or lefs to the Hones in proportion to the power or the wind 
for grinding it, thus adapting the refiHance to the power ; 
and if this fliould increafe beyond all bounds, the fame motion 
may be made to adl upon tne grip «)f the mill to check its 
acceleration effedlualiy. In the fame manner a water-wheel 
ipay have a float placed in the dam or head to adl upon the 
Ihuttk whenever the furfacc thereof rifes or falls above or 
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below the intended level, fo as to apportion the fupply to the pendulums, like the governor, but having a broad vane to 
fall and keep the velocity uniform. nicet tlie air iiiftead of heavy balls, which indeed may be 

• added alfo : this, when put in motion, will oppofe a very 

There is another kind of regulator fometimea ufed in great refiftance to the acceleration, becaufe the centrifugal 
machines to caufe a fuflicient rcfillanceto the motion to pre- force caufing the vanes to recede from the centre, they mull 
vent acceleration, fuch as a crane or lowering machine, which deferibe a larger circle in the air in proportion to the velocity, 
S8 to let down a heavy weight, a coal winding machine, See. ; or, by collapfitig, they make but little refiHance when the 
a very good one for thefe purpofes is a vertical axis with velocity is Imall. 
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RENTERING, Fine-dkawing, in the ManuJatloriesj 
the fcwing of two pieces of cloth, edge to edge, without 
doubling them ; fo as that the loam fcarccly appears at all : 
hence it is called JinC'dr awing. 

The word is formed from the French, rentraire^ which 
fignilies the fame thing ; and which Menage, after Salmafius, 
derives from the Latin, retrahm^ of re, in, and trahere, by 
rcafon the fcam is drawn out of fight, and covered. 

Serges, &c. are to be fewed : cloths fine-drawn. The 
author of one of the Let. Edif. ct Cur., fpeaking of the 
great dexterity of the fine-drawers in the Eaft Indies, 
affures us, that if you tear a piece of fine mud in, and give it 
one of them to mend, it ihall be impoffible for you to dif- 
cover the place where it is rejoined, even tliough you had 
made a mark to know it by. 

The dexterity of our own fine-drawers, though inferior 
to that above-mentioned, is nevcrthelefs fuch, as puts them 
in a condition to defraud the king, !)y fewing a head or flip 
of Englifli cloth on a piece of Dutch, Spanifh, or other 
foreign cloth ; or a flip of foreign cloth on a piece of 
Enghfh, fo as to pafs the whole, as of a piece ; and by that 
means avoid the duties, pnaltics, &c. The trick was firft 
difeovered in France by M. Savary, author of the Diftion. 
dc Commerce. 

To renter, in Tapejlry, is to work new warp into a piece 
of tapeftry damaged, eaten by the rats, &c. and on this 


warp to reltore the ancient pattern, or defign. The warp 
is to be of woollen, n(*t linen. Among the titles of the 
French taped ry-makers, is included that of rentcrers. 

Fine-drawing is particularly ufed for a rent, or hole, hap- 
pening in the drefling or preparing of a piece of cloth, art- 
fully fewed up or mended with filk. 

All fine-drawings arc reputed defefts or blemiflies ; and 
ought to be allowed for in the price of the piece. Hence, 
M. Savary edablifhes it as a rule, which is certainly founded 
on natural equity, that every manufaftiirer mark the fine- 
drawings of his cloth with a piece of packthread tied to 
the lift ; to direft the draper to the fpot : and that the 
draper apprize the taylor, or other perfon to whom he 
fells it, of the fame, that he may not come to damage 
in the cutting ; there being inftances of drapers condemned 
to take back their cloth, when cut to pieces, for omitting 
to mention the fine-drawings, and other flaws. 

On this occafion. M. Savary extols the procedure of an 
Englifli merchant, who, lending a piece of cloth damaged 
in one fpot, to his torrefpondent at Paris, put a piece of 
gold in the damaged place, to make up the damage. But 
as this example is perhaps the only one of its kind, that 
author recommends it to the merchant, or draper, to unfold 
all the pieces entirely, as they come to him ; to difeover the 
fine-drawings, and other flaws, in order to make the clothier 
accountable for them. 
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ROADi Via, an open way or paffage, forming a com- 
modious communication between one place and anothen 

The Romans, of all people, took the moll pains in their 
roads ; the labour and expence they were at to render them 
fpacious, ttmight, fmootn, and agreeable, to the very ex- 
tremities of their empire, are incredible. 

Ufually, they ftrengthened the ground by ramming it, 
laying it with flints, pebbles, or land; fometimes by a 
lining of mafonry, rubbifti, bricks, potfhreds, &c. bound 
together with mortar, 

F. Menellrier obferves, that in fome places in the Lyon- 
nais he has found huge clufters of flints cemented with 
lime, reaching ten or twelve feet deep, and making a mafs 
as hard and compaft as marble itfelf ; and which, after re- 
fitting the injuries of time for fixteen hundred years, is 
ftUl karcely penetrable by all the force of hammers, mat- 
tocks, &c. and yet the flints it confifts of are not bigger 
than eggs. 

Sometimes they even pared their roads, regularly, with 
large fquare frce-ftoncs : fuch arc the Appian and Flaminian 
ways, &c. 

The roads paved of very hard ftoncs, they ufually called 
viaferre^f either bccaufe they refemblcd iron, or becaufc 
they refitted the iron of the horfes feet, chariots, &c. 

Roads are cither natural or artifidal% terrejlrial or aquatic^ 
fuhllc or private. 

Road, Natural is that which has been frequented for 
a long fiiccefiion of time, and fubfiils with little e^pence 
by reafon of its difpofition, &c. 

Road, Artificial is that made by labour of the hand, 
cither of earth or mafonry ; and in the making of which, 
fevcral difficulties were to be furmounted ; fuch are mott 
of tliofc along the banks of rivers, and through marflies, 
lakes 

Roads, Terrejlrial or Land, arc not only thofe made 
upon the ground, but alfo thofe formed of earth heaped 
up in manner of a bank, and fuftained by fpurs, buttreffes, 
and counterforts. 

Road, Aquatic^ is a road made in the waters, whether 
current, as thofe of rivers, &c:. or ftagnant, as bankb and 
caufeways, or over moraffes, &c. 

Under this denomination are alfo comprehended navi- 
gable rivers, ^nd artificial canals. See Canal. 

Road, Public, or grand road, is any common road, 
whether ftraight or acrofs, military or ruyal, &c. Private 
road is that made for the convenience of fome particular 
houfe, &c. See Highway. 

Roads, Military, fo called among the Romans, were 


grand roads appointed for the marching ol their armies into 
tlic provinces of the empire, for the aflittance of their 
allies, &c. 

The principal of thefc roads, in England, are Watling- 
ftreet, Ikcnild-ilrect, Fofs-way, and Erminagc-llrcet. See 
Way. 

Roads, Double, among the Romans, were roads for car- 
riages, liaving two pavements or caulcways, the one for 
thofe going one way ; the other for thofe returning the 
other, to prevent clafliing, flopping, and confufion. 

Thefe two ways were feparatca from each other by a 
bank raifed in the middle, paved with brickt, for the con- 
venience of foot people, with borders and mounting ttones 
from fpace to fpacc, and military columns to mark the dif- 
tance. Such was the road from Rome to Odia, called 
Via Portuenjis. 

Road, Subterraneous, is that dug in a rock with a chiflel, 
and left vaulted. Such is that of Puzzuoli, near Naples, 
which is near half a league long ; and is fifteen feet broad, 
and as many high. 

Strabo fays, it was made by one Cocceius, a relation 
probably of Nerva ; but it has fince been widened by Al- 
phonfus, king of Arragon and Naples, and made ftraight 
by the viccrcys. There is another of the fame kind in the 
fam^ kingdom, between Baiz and Cumae, called the Grotto 
of Virgil, bccaufe mentioned by that poet in the fixth 
book of his ^neid. 

Road, in Rured Economy, a track or way conftrufted 
with fome fort of hard materials for the purjpofe of travel- 
ling upon, with carriages, horfes, and other animals. Roads 
are of different kinds, as public and private, or parochial. 
The firft fort may be fubdivided into toll and free- 
roads, and the latter into lanes or bye-roads: there are 
likewife other forts of roads, as carriage and horfe tracks, 
&c. It has been remarked by a writer, in the firft volume 
of Communications to the Board of Agriculture,’^ that 
the coRvcnicncies and beneficial confequcnccs which refult 
from a free and eafy communication between different parts 
of a county and oiftriff are fo various, and the advan- 
tages of them fo generally and extenfively felt by every 
defeription of individuals, from the higheft to the loweft ; 
that no labour or expence fliould be fpared in providing 
them ; as, without fuch ready means of intcrcourfc, aU 
forts of internal commerce and improvement are either much 
embarraffed, or wholly at a ftand. And it is, indeed, well 
added, that roads and canals, or navigable rivers, may 
juftly be confidered as the veins and arteries through whicn 

all improvements flow. To internal commerce and agri- 
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culture, they nre as the veins and arteries to the human 
body, 'riirough thefe the blood circulates in every direc- 
tion, and thus keeps alive the animal fyiteni ; but, if this 
circulation is by any means checked or obilrucU^d, even in 
the remoteil part, that part foon becomes ufelefs, and finks 
into decay, and in fome Jegret* is felt throughout tlie whole 
body. iSo It lb witfi relpedt to the commercial and agri- 
cultural fyflems. Without a free and nninternipted inter- 
conrfe, it is imponihle they can exiil, or at h all produce, 
to the community at large, fo many important benefits as 
tliey othn wife might have done. How many, for example, 
are the places, in almoll every country, that might be ren- 
dered doulily valuable, if the accefs were praclicahle and eafy. 
How immenfe the tjuanlitus of the fniell timber, perhaps 
growing in inaecellible woods, which, on that account alone, 
are hdl tofociet). How many the valuable flrata of the 
rn Ik fl nu-lals and minerals, winch, from the fame caiife, 
lie buried and undid iirbed in the bowelo of the earth ; and 
how many thoulands of aere^ of tlie moil fertile foil, that 
might lie improved and cultivated to the liigheft degree of 
periedion, and thus very largely contribute to increafe the 
food and the comforts of man, wen* the ingrefs and egrefs 
reiideied jiradlicablc and free. And the value of a farm, 
coideiiuently the riches, perhaps the flrength of a country, 
greatly depend on an cafy and uninterrupted communi- 
cation by good roads. 

And the able author of the “ Wealth of Nations” has 
well fuggellod, that good roads, canals, and navigable 
rivers, by diminilhing the expence of carriage, put the 
n-molc parts of the country more nearly upon a level with 
thole in the neighbourhood of the town. They arc, upon 
that account, the greatefl of all improvements. I'hey 
encourage the cultivation of the remote, which mull always 
he the mofl extenlivo circle of the country. Though they 
introduce fome rival commodities into the old markets, they 
open many new markets to its produce. It is even 
further oblervcd, that the Romans were fo fcnfible of this, 
tliat we are told, the lirit writer fays, they did not 
think it b? neath the dignity of the commonwealth to 
it tend to the conveniencies from good roads. That great 
and wile people, it is faid, carried on, at an immenfe expenee, 
roads, wdiofe remains are to this day the admiration of the 
curious, from the centre of the empire to many of the re- 
moter provinces. The readier march of their armies w'as, 
perhaps, he think:?, their firll motive ; but the ealicr inter- 
conrfe of the leveral parts of the great empire was another, 
which tlicy had too much prudence and too much wifdoni 
to overlook. We are alfo told by Diodorus, Strabo, and 
other hillorians, he fays, that the famous Semiramis, being 
ft) fully con\inced of llie importance of an eafy and general 
intercourfe, applied licrlclf to render the roads pradicablc 
throughout the whole extent of her empire. 

Mr. Donaldfon alfo Hates, that, in an agricultural view, 
the benefits derived from good roads arc incalculable. Be- 
fuie the ellabhlhmenl of luinpike roads in England, many 
parts of that kingdom, like the highlands of Scotland, were 
fcarcely atA'cflible. Coal, manure, grain. See, as is Hill the 
cafe in many parts of Cornwall, were carried on liorfcs’ 
backs. Where waggons were ufed, fcvcii or eight horfes 
were ncceflary to <Jraw about two tons, and feldom were 
able to proceed above twenty miles in a day. Now, where 
turnpikes arc ellabliflied, or otlier means ufed for keeping 
the roads in a proper Hate of repair, the fame number of 
horfes will draw at lead five tons, and travel nearly double 
I he didance, with much more cafe. How abfurd, then, con- 
times he, for any perfon to fcruple the payment of an in- 
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confiderablc toll, when the faving is fo great and fo evident ; 
wdiere the tear and wear in one cafe arc not oiu;-lwcntict)/ 
part of what they are in the other ! 

It is likewife contended by Me. Beatfon, in refped to the 
turnpike laws in this country, that they are liable to many 
exceptions ; for althongli immenfe lums of money arc 
annually levied for the pnrpufe of making and repairing the 
liighways, yet, either from bad management, from party 
iiiflnence, or from the chicanery and ignorance of furveyex's 
and contraiilors, the roads in many places are not only laid 
out in tlie mod abfurd dircd^tion, but are fo badly con- 
drinSled, and kept in fo wrc ichcd a date of repair, that they 
are almod impadablc. It is lurprifing that in fo enlightened 
a country, and where the turnpike laws have fo much en 
gaged tlie attention of many vi-ry ingenious men, thofe laws 
Ihoiild dill remain (o very defective ; more efpecially as there 
is hardly a country gentleman ho attends a turnpike meet- 
ing, but confidcrs liimlelf completely niadcr of the whole 
hufmels and management, as well as of the making of roads ; 
at lead, if we may judge from the violent difputations and 
bickerings that frequently happen at tliefe meetings, where 
a pnqiofed new line of road, or perhaps the repair of an 
old one, will fornetimes be conteded with as great kcennefs 
and vehemence, as if the parties were contending whether 
Great Britain ihall be a monarchy or a republic. And it 
is contended, that it too often happens party influence 
ndes tlie proct^edings at fuch meetings, and that thofe who 
are entruded with the management of this biifmefs, dele- 
gate their powers, and trull the infpedlion and whole 
management and diredlion of the roads to fome ignorant or 
pretended furveyor ; wdio, almod to a certainty, will iin- 
pofe upon them, efiieci.illy if he is empowered to fettle 
with contradlors ; and thus the biilinefs of the public, ii- 
one of its moll important concerns, is either allogethcj 
ncgledtcd, or terminated according to the convenience ol 
the dronged party, without any regard to tlie interedy ol 
the community at large. In fupport of this aflertion, he 
has only to refer to many parts of the principal thorough* 
hires in Britain. In fome, it wnll he obferved, thi* roads arc 
directed in the mod irregular ^ig/*ag manner, through a 
level part of the country, wdicre they ought evidently to 
have gone draight forward. In other places, the traveller 
and the public, and the poor overloaded horfe, arc obliged 
to fubmit to all the inconvenience, the labour, and the 
fatigue of afeending and defeending the deepcll hills, w’hen 
they might have gone, with the greatell cafe and comfort, oi. 
a level road, by proj>er attention in the lird making and 
laying them out. He is, however, far from thinking it 
would either be jud or proper to force a road unnecedarily 
through any part of a gentleman's property without hn- 
conlent, unlefs for very powerful rcafons indeed. 

If to avoid a deep afeent, or to fhorten the didance con- 
fiderably, and that there is no other way to do fo, in that 
cafe there diould be no hefitation ; but if the advantages 
to the public are not very material, and that another line 
can be adopted, nearly as good, which will do lefs injury 
to an individual, the latter line ihould unquedionably be 
preferred in all fuch cafes of laying out roads. 

It Ihould be a general maxim, he thinks, that private 
confidcrations ought, in all cafes, to give way to public 
convenience and advantage. Society, fays he, is formed 
for the mutual and general benefit of the whole, and it 
would be a very unjull meafure to incommode the whole, 
merely for the convenience, or perhaps to gratify the whim 
or caprice of an individual. However, the property of an 
individual ought by no means to be taken to ferve the 



ROAD 

public, without allowing him, not only the full value, but 
more than the value proportioned to the inconvenience or 
injury he may fuftain by the meafure. 

But he contends, farther, that while the prefent turnpike 
laws remain in force, and the common mode is praAifed of 
choofing furveyors annually, or by rotation, without the 
fmalled regard to abilities or experience, it cannot be 
expetied the public convenience will be fo much attended 
to as it ought to be ; neither is it to be expelled, that the 
generality of furveyors, fo chofen, can know the proper 
direftions to give in making or repairing roads, nor the 
proper manner of making eftimates, fo as either to conclude 
an agreement with an artful contraAor, or to form a corre<^t 
judgment of fuch propofals as may he made. From thefe 
difadvantages, it is inconceivable the lofs that may be oc- 
cafioned, or the mifehief that may be done by an ignorant 
and inexperienced furveyor. For he is decidedly of opinion 
that a furveyor of roads Ihould be a man of coufiderable 
abilities, and of the ftrideft honour and integrity. A 
man not apt to be fwayed by party influence, or by private 
or perfonal confiderations ; for if he once allows himfelt 
to be led away or biaffed by thofe, or to in any manner 
inconfiftent with the public interetts, he is unfit for that 
office. He ought not to be a man, who has all his life-time 
been confined to the narrow limits of a fingle diftrid; <ir 
•.:oiinty, or who has fuddcnly, or by a flcnder recom- 
mendation, been brought forward as a perfon qualified for 
fo arduous an undertaking. He ought to have feen, in 
various places, the different fyflems adopted in the rnanage- 
n\ent an<l conftru^lion of road^, and to have nude it a 
particular objedl of his attention, the judging of the Ixdl 
ind moll advantageous pradices, under the particular cir- 
ciimlh^iccs of diflcrent cafes. y\nd befides thefe, tht're is 
another probable reafon why, under the prefent fytteni, 
tfie ])ublic roads cannot bo fo impartially managed and cou- 
dufted as they ought be, in the unlimited power given to 
country gentlemen over the roads in the county or diilrid 
ui which they live. Many of thole gentlemen, for their hene- 
volciice and liberality, are truly deferving of every praile 
that can be bellowed upon them ; but, however honourable 
and refpc^’table they may be, and liowever defirous to pro. 
mote the public good, it would be doing an injuftice to 
liuman nature to fuppofe tliey can view, with impartial eyes, 
the fine plantations, the beautiful inclolures, and other im- 
provements, they have made on their cllatcs. We may as 
well imagine, that a doting mother can coolly and delibe- 
rately fee an incifion made in the flciii of her darling child, 
however much it may be benefited by the operation, as 
that a country gentleman can with indiflcrence behold a 
turnpike road carried through an iuclofure, which he luin- 
felf has been at the pains and the expence of atlqrning. 
He adds, that fo fituated, it is natural to believe this gen- 
tleman would wiih that road to go in any other direction, 
even though it fhould not be quite fo convenient to the 
public. He will not only ufe his own perfiiallon and en- 
deavours to point out arguments againll its c(jming that 
way, but he will even endeavour to prevail oii his friends to 
exert thcmfelvcs alfo, and thus a party is often formed in 
oppofition to the public intereft ; and if he is a man of 
opu.ence and power, and generally refpeCted, it is more 
than probable his influence will prevail in this biifinefs. 

It confequently appears to liim neceflary, in (jrdcr to 
obviate thefe abufes and inconveniencies, that tliere fliould 
be a controlling power over the meafures propofed by 
country gentlemen refpedting turnpike roads : for to allow 
ihofe gentlemen to decide ultimately on the laying out a 
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new road through their own lands, or even on the diilribu- 
tion of the money to be expended in repairing old roads, 
18 , in fad, making them judges in their own caufe. In 
Ihort, it is an ohjed fo truly important to the interells of 
the community at large, and of the kingdom in general, to 
procure the moft eafy, lafe, and expeditious, and the leail 
expcnfive iiiterconrfe with every part, by means (»f the heft 
roads, that it is a mvafure, he prefumes, higlily deferving 
the attention of the legillature ; and which, from tlie great 
extent of bufinefs, would probably require a board, with 
proper furveyors appointed by it, for the piirpofe. If fome 
plan of this nature were adopted, we fhould then hear no 
more of thtife numerous complaints that are fo often made 
refpeding the abufes committed in the management of 
turnpike roads, and of the money L vitii at the toll-bars, at 
many of which, it is laid, by the author of the “ Wealth 
of Nations,^’ the money levied is more than double of what 
is neceffary for executing, in the completefi manner, the 
work which is often cxcc«’ted in a very fiovenly manner, 
and fometimes lu/l executea at all. 

Butin refped to the impnjvemeiit of both tlu* public and 
private roads, the following hints have been thrown out in 
tlie able Agricultural Survey nf Shrc^pfliire. In lieu of 
furveyors in each panfli (wlio are generally chofen in turn, 
and confequently have neither tune nor experience fnfficient 
to act properly, and are generally not inclined to exert 
tlicmfelvcs by enforcing the duty, &c.), the writei 
would propofe for the magillrates to have power to 
aj)puini a proper furveyor with u faiary, wlio fliould 
ad under their diredion, and be amenable to them for his 
condiid ; fuch furvtyor to undertake the arrangement of 
a certain dillrldl (fay ten miles fqmive), wliofe duly it fliould 
be to employ deputies, to call in and lee the flatute duty 
done under liis din Ction : by thU means the forming of the 
roads, wliich is the flrii principle, would be done in the moft 
approved method, and tin* flatute duly regularly c.illed out. 
I'here may he an infpedor, an inhabitant in each parifh, 
appointed, and chofen yearly, whofe intcrell it would he, as 
well IS his duty, to ad as a check upon the g.Mieral furveyor 
and his deputy : tliis office, being caly, might be filled by one 
of the mod liberal perfons in the parifli. He apprehends 
that an arrangement of tins fort would very loon inlure good 
private roads. And fomethlng like the following would, 
he thinks, procure good turnpike roads alfo ; namely, the 
trull ees of all the tunqiikc roads throughout England, 
ti> betihhged to ered w^eighiiig engines at all their gates or 
bars, at whicli tolls are receivi*d, on or before the 24th day 
of June next, the expence of fuch eredions to be repaid 
to them, by their being empowered to add to their 
prcicnt rcfpedive tolls any lurn to be paid by fuch 
carnage to be wrighed, not exceeding fo much as has 
been heretofore paid within one year laft for the tolls ; 
fuch films to be paid, until all expence of ereding the 
faid engines fhall be fully repaid. The account of fuch 
repavinent to be made out and fettled by the clerks and 
gate-keepers bi longing to the rcfpedive roads, and to be 
attefted upon oath before two jullices of tfie peace. And 
from and after the faid 24th day of June next, it may be 
lawful for all carriages to be drawn with any number of 
horles along any turnpike road. But to prevent the inju- 
ries done to roads, by the great burdens too frequently 
drawm along them, it fliould be enacted, that from and 
after the faid 24th day of June, it fhould be lawful for all 
truftees appointed by any ad or ads of parliament, for the 
repair of any turnpike road, or any five or more of them, 
and they fhould be required at a public meeting, to be held 
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for tliat purpofe on or before the 24th tlay of April next» 
TO order to be eredod at all the gates and bars which they 
have eroded, or fliall ered, for.the receiving of tolls, or upon 
any part of the road within their refpedive jurifdidiona, and 
at furli a diftance from any turnpike, bar, or toll-gate, as 
they lhall think requifite and expedient to order and caufe to 
be creded, a crane, machine, or engine, proper for the 
weighing of carts, waggons, or carriages conveying any 
goods or merchandi/.L* whatever ; and by a writing ngned 
by them, or any five or more of them, to order all and everv 
inch carriage or carriages wliicli fhall pafs loaded through 
any (uch gate or h ir, to be wf'ighed, together with me 
loading thercitf ; and for them, or any five or more of them, 
or for any perlon or perfons empowered by any five or more 
of them, to receive and take, over and above the tolls al- 
r<*ady granted, or here.dter to be granted, tlie fum of ioj. 
for every hundred weight, 1 1 albs, to the hundred, which 
ever) waggon or cart hereafter deferibed, together with the 
loading thereof, lhall weigh over and above the weights 
hereafter allowed to them rcfpcdively ; that is to fay, to 
every waggon or four-wheel carriage, having the fellies or 
rollers of the wheels of the breadth of fixtecn inches, eight 
tons in fummer, and feven in winter : to every waggon or 
wain, h iving the axle-trees thereof of fiich difterent lengths, 
that the diltance from wliecl to wheel of the nearer pair of 
the fakl wheeli be not more than four feet two inches, to be 
moafiircd at the ground, and that the diltance from wheel 
to wheel of the other pair thereof be fuch, that the fore 
and hind wheels of fuch waggons and wains (hall roll only 
one lingle furface or path of lixteen inches wide at the leaft, 
on each fide of the faid waggons or wains, and having the 
fellies thereof of the breadth of nine inches from fide to 
fide at the bottom or foie thereof, fix tons ten cwt. in fum- 
mer, and fix tons in winter : to every waggon or four- 
wheel carriage, having the foie or bottom of the fellies of 
the wheels of the breadth of nine inches, fix tons in fum- 
mer, and five tons ten cwt. in winter ; to every cart, 
having the fellies of the lame dirnen lions, three tons in 
fummer, and two tons fifteen cwt. in winter: to every wag- 
gon, having the foie or bottom of the fellies of the wheels 
of the breadth of fix inches, four tons five cwt. in fummer, 
and three tons fifteen cwt. in winter : and to every fuch 
waggon, fo conllruCled as to roll, and adlually rolling a 
furface of eleven inches by the wheels thereof, five tons tea 
cwt. in fummer, and five tons m winter ; to every cart having 
the fellies of the fame dimenlions, two tons twelve cwt. in 
fummer, and two tons feven cwt. in winter: to every wag- 
gon, having the foie or bottom of the fellies of the wheel? 
of lefs breadth than fix inches, three tons fifteen cwt. in 
fummer, and three tons twelve cwt. in winter : and to every 
cart, having the fellies of the fame dimenfions, one ton 
fifteen cwt. in fummer, and one ton to twelve cwt. in win- 
ter. And if fuch trullecs as aforefaid (hall neglect to erc6t 
firch engine at their refpective gates by the laid 24th day 
of June, then it lhall and may be lawful for any mortgagee 
or mortgagees of the faid gate or gates to crc6t iudi en- 
gine or engines, and to take upon them the fiime power as 
the faid trullecs were by the aft inverted with, and under the 
fame regulations, on or before the 29th day of September 
next ; and if the faid truftees and mortgagees rtiall neglcft 
to ereft fuch engine or engines by the refpeftive limes 
hereinbefore rtipuTated for erefting the fame, then it (hall 
and may be lawful for all horfes, carts, and other carriages, 
from and after the faid 29th day of September next, to go 
through and pafs along fuch road or roads, without any 
obrtruftion or payment for tolls w'hatfoevcr, until fuen 


truftees or mortgagees lhall ereft fuch weighing engine or 
engines as aforeuiid, and occafion the fame to be regularly 
ufed ; any thing contained within the refpeftive afts for 
turnpike roads to the contrary notwithftanding. 

And it is ufefully remarked, in refpedl to the effefts of 
thefe regulations, that, firft, the weighing engines will fuf- 
ficiently prevent carriages of all forts being overloaded, 
which will be a prefervation of the road, whereas, the re- 
ftraint upon the number of horfes does not anfwer the pur- 
pofe ; for a Ihort and overpowered team docs more damage 
to the roads, than a greater number of horfes, which draw 
eafy, and confequcntly pafs along much quicker. That 
difagreeable reftraint will be thereby made unneceflary, 
which empowers and encourages fome poor indolent wretches 
to wander about the country with their ready printed no- 
tices, to catch a prey, which, when got, is laviflied away in 
drunkennefs, debauchery, and diforder ; and if they fail in 
their lawful attempt, which is often the cafe, and perhaps 
dillrclled to the greatert degree, being defpifed by perfons 
of all denominations, purfiie poaching and fowl-llealing, 
which lead to greater afts of thievery, of which there are 
many inrtanccs ; for all the conviftions are grounded upon 
the poor wretches as above deferibed, being by the law al- 
lowed to be credible witnelTcs, who obtain the reward to 
the amount of 5/. or more, when the tcam-owner^s fervant 
or fervants are all deemed prejudiced ; fo that, as the aft 
now Hands, no one is fafe from thefo conviftions. 

Befides, the occupiers of farms in general, particularly 
thofc upon the middling-lizcd ones, find thcmfelves, it is 
faid, very much opprefied and injured by the law now fub- 
firting for regulating the turnpike roads, by their being re- 
llrained from drawing more than four horfes in waggons, the 
fellies of the wheels thereof being under fix inches broad* 
Were farmers permitted to draw any number of horfes, it 
would be of great public utility ni lowering the price of 
thofe animals, which is now enormoufly high ; the farmer 
would find it his interert, as formerly, to keep breeding 
mares, which, with the colts tliey breed, may be made 
ufeful great part of the year, provided they may be worked 
eafy. The law, as it now ftands, adls nearly as a prohibi- 
tion to farmers breeding horfes ; for a breeding mare, or a 
colt under five years old, is not fit to draw one of four in a 
waggon, with no more than fixty biirticls of barley or wheat, 
which is the common load of the Shropfhire or Staffordfliire 
farmers, neither of which bring more than two tons, which 
is confiderably under the weight theprefent aft allows to be 
drawn on the turnpike roads in winter. Before the faid 
turnpike laws were in force, the farmer’s team, to draw his 
fixty bufhels of wheat or barley, confifted of fix in num- 
ber, two of which at leaft were mares, either iw foal or 
1 ticklers, two colts, one of them two, the other three 
years old, which were never opprefied or hurt by their 
work ; coufequently a fucceflion came on, and the owner 
had one or two good found colts to fell oft every year lo 
the harnefs or draft, as they beft fuited. Good waggon 
horfes were then bought at from 10/. to 15/. each, which 
are now, by their fcarcity, from 25/. to 35/.; and thofe for 
the coach, that is, the light aftive half-blood horfes, are 
from 40/. to 60/. 

And another evil occafioned by this law is, that fuch 
farmers are obliged to keep horfes of the largeft fize, which 
confume the produce of much land, by eating a lai f . ? ijuan- 
tity of corn, when the fmaller horfes, working eafy, fel- 
dom cat any. It is conceived by the fame writer, that upon 
this principle, a law for regulating roads may be enafted, 
fo as to anfwer every good defign of the prefent, and at the 
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fame time relieve thofe individuals who are exceedingly in- 
jured, and alfo be of general utility. 

It is likewife remarked in regard to private roads, that 
they are by no means properly attended to ; and which may 
be attributed to the general highway adl being fo cafy of 
evafion, that every farmer is able to avoid doing ffatute duty, 
or at Icaft next to none. Nothing is more valuable than 
rime, efpecially to a man of bufmefs ; and a farmer who 
executes the office of furveyor of the highway, impartially 
and effeSually^ will find he mu ft negleft no fmall part of his 
own Dufinefe ; and after all he might, perhaps, have been 
as little out of pocket had he done the whole work with his 
own team and labourers. It is ftated, that there is no trick, 
evafion, or idleness, that ftiall be deemed too mean to avoid 
working on the road ; fometimes tlie worfl horfes are fent, 
at others a broken cart, and a boy, or an old man pall labour, 
to fill ; they are lometimes fent an hour or two too late in 
the morning, or they leave off much fooner than the proper 
time, iinlefs the furveyor w’atch the whole day. It is true, 
tliat redrefs may be had by application to amagiftrate ; but 
then how often caufes of cnimplaint occur ; and how many 
days mull be loll to bring each home to the ofl’ender ; who, 
from cujlomy thinks lie is doing no harm ; bcfidcs the con- 
llant breach of good neighbourhood tliat mull be occa* 
fioned by thole petty litigation'^. It is fuggellod that a re- 
medy miglit eafily be had in the following maimer. Abolifli 
all jierfonal forvicc upon the highways. Let Iiirveyors be 
appointed, as at prclent, wlio Ihould have power, under the 
authority of two magiftrates, to raife, by rate, certain 
furns that may be necelVary for the repair of tlie roads 
within the refpedlive parilhes and tovvnlliips, and to account 
For the fame at going out of office at the year’s end. The 
fanner, who a6ls as furveyor, might then be able to repair 
l!i(- higiiways when molt convenient to himfelf, and when he 
could give attention to them without any interruption or 
nnpediinent, whcnvis at prefent fonie duty is given up, or 
nearly fo, from the difficulties arifing in collecting it. On 
the lame principles, the author of the rrelcnt State of 
Ilulbaiidry in Great Britain contends, that an adl of par- 
lianumt Ihould he introduced, for tlie pnrpofe t)f refeinding 
the ancient laws relpe^ting ftatnte labour ; which have in 
eve ry infiance been found inefreCliial, and to cllabliffi other 
general rules and regulations more likely to anfvver the pur- 
polc in the new improved ftatc of the country. He addt., 
that the cxilling afts of parliament rcfpcdling the making 
and repairing roads, where thejuftices of the peace cannot 
euinmnte the ftatute labour, are not fufficient for the pur- 
pofe of raifing a fund fufficient for keeping the roads in re- 
pair. Where thejuftices of peace have it in their power to 
ilh'ls the inhabitants in a fum of money in lieu of the ftatute 
labour, it is in general not the want of means, but the mif- 
application of that means, or negligence in the general ma- 
nagement, that is the caufe why the pariffi roads are almoll 
every where a difgrace to the country. The imperfc^l and 
indifferent modes of executing the ftatute work, as ftated 
above, render it ncceHary, it is fuppofed, that thofe fta- 
tutes enforcing the performance of this neceffary duty fhoiild 
therefore be abolifticd ; and in every county thejuftices of 
the peace ought to be invefted with the power to afl'efs the 
inhabitants of the diftridl by fome equitable ratioy whereby 
they w'ould pay only in proportion to the benefit they re- 
ceived. Were this generally done, as is the cafe in levcral 
parts of Scotland, the counties divided into diftri6ls of fuch 
(iar, that the proprietors could conveniently meet as occa- 
fion required ; the money arifing from the commutation a6t 
colle^ed by one perfon, who Ihould be allov'ed a ^'crtain per 
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cttaagi on the (urn collcdcd, be continued during good be. 
haviour, and be refponfible for Us conduft to the gentlemen 
of the dillridt ; the money fo colledted be afterwards ex- 
pended under the diredlioii of thefe gentlemen, and the 
whole be fubjc6l to tlic review of the quarter-feffions ; the 
pariffi roads would, it is fuppofed, foon be materially im- 
proved. If to ihelc regulations a power were added to 
mortgage the fum arifing from the commutation of the 
ftatute labour for fuch a number of years, and to fuch an 
extent, as was found neceffary to put tlie ufcful private 
roads in a perfed ftatc of repair, they might, it is fuppofed, 
in a fevy years, be made the reverfe of what they are at pre- 
Icnt. The laft meafure would be found the moil effectual 
of any that could bo adopted, and is ]>robably the only 
one that can be relorted to for the purpofc of effeding an 
immediate and general improvement. 

It hub likewife been remarked by the author of the 
“ Landed Property of England,” in refped to the im- 
provement of farm-lands by thele means, that the art of 
planning, forming, and repairing roads, is a fubjed with 
which, for various rcafons, every managi r of a large eftatc 
ought to be familiarly coiiverfant. It is not enough for him 
to know tlie theory, or general principles, of the art. It is 
neceffary that he ffiould lludy it pradically in the particu- 
lar ddlrid in which he is placed ; and with tlie given ma- 
terials that it happens to allord j as by thefe means he can 
only be capable of exeenting the bufinels with the greateft 
poffible advantage. In tins biifiiiefs a moll material point, 
whether in tlie out of tu-u) road-i, or improving inch as 

have been long eltablifhcd, is tliat i)f giving them all tlie ad- 
vantage in diredion and other circuinllaiiees that the pieeidi- 
arity of their nature and fit nation admit of. It has been 
ftated by the above writer, tliat iiioft of all the old roads of 
the kingdom (the remains of the Roman ways excepted) 
owe their ^irofcnt lines to fortuitous circumftaiices. Many 
of them were, no doubt, lie thinks, ongin.illy foot-paths ; 
fome of them, perhaps, the tracks of the aboriginal inhabit- 
ants, the patriarchal fuvages, wlio lived by hunting ; or of 
the ])aftoral tribes, who travelled with their flocks and hcrd > 
from pafture to pulliire, as herbage and brow/e invited ; or 
of the iirll fittlers, between biding places which may lun 
now txili. And that tliefe incidental foot-tracks, efpecially 
w’hcii tliey led through woods, became, as the cemdition ol 
focicty advanced, the moil conveaienl horle-paths ; as we not 
uiifrequciitly find at the prefent day. Conicqucntly, that in 
this Rate of fociety, before wlieel-carriages were in ide, 
many of the lands of the kingdom were appropriated, by 
which circumilancc thofe fortuitous lines of roads became 
fixed and unalterable ; there being no other legal lines left 
for carriage roads, than thofe incidental horlc-ways, or fmall 
tracks. Hr fiippoles, that in this account of the probable ori- 
gin of roads, \vc have, at lt:aft in part, the caufe ofthecrook- 
ednefs, as well as the llcepnefs, of carriage roads, between 
the places which are now inhabited : for true it is, that the 
traveller is not iinfrequeiilly led down one ttrep to make 
an angle, and afeend another ; while the hang of the hill 
would coiidud him nearly on a level, and by a more dire£l 
line. But, admitting that a clufter of habitations heretofore 
ftood at the angle, the feerning ahfurdity ccafes. He adds, 
that formerly, it is probable, the zigzag direction of roads, 
between towns and villages, was much more obfervable than 
at prefent. In more modern times, and fince the legiflature 
wifely interfered with refpeft to app opriated lands, many 
improvements of lines have been made. And, by the ge- 
neral lavrs which have more recently been palled, magiftrates 
arc invefted with authority to alter eftabliffied lines. So 
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that now, the experure o} alic ration may be faid to be the oi 
obrtacle, in ordinary cafes, to the pcrfciMion of the lines 
roads in this country. And which is, of courfc, a circum- 
ftance that has had mucheffed in improving the convenience 
of travelling. 

And it is fuggetted, in refptMfl to the dircAion of roads, 
tliat the molt perfect line is that which is llraight and level. 
But this is to be drawn in a country only vvhicli is perfedfly 
fiat, and wlicre no obltru(5tions lie in the way : — joint cirenm- 
llancea that rarely happen. Where the face of the country, 
between two points or places to be connefted by a road, is 
nearly but not quite level, by reafon of gentle fwells that 
rife between them, a llraight line may be perfuA ; — may be 
the mod eligible under thefe circumdances. But where the 
intervening country is broken into hill and dale, or if one 
ridge of hill only intervenes, a draight line of carriage road 
is Icldom compatible with perfeAion. And that in this 
cafe, which is nearly general, the bed (kill of the furveyor 
lies in tracing tlic midway between the draight and the level 
line. Here tlie level line of perfedtion, for agricultural 
purpofes, is to be calculated, by the time and cxer/io« jointly 
conllderod, which are required to convey a given burden with 
a given power of draft from dation to dation. On great 
public roads, where expedition is a principal obje6f,time alone 
may be taken as a good criterion. It is likewife added, that 
the mod regular method of finding out the true line of road, 
between two dations, where a blank is given, — where there 
is no other ubdrudiion than what the furface of the ground 
to be got over profents, - is to afeertain and mark, at proper 
didances, the Jivai^ht line ; which is the only certain guide 
to the furveyor. And that where the draight line is found 
to be ineligible, each mark becomes a rallying point, in 
fearching on either fide of it for a better. If two lines of 
equal facility, and nearly of equal diilance from the draiglit 
lines, prefent themfelves, accurate mcafurcmenls are to de- 
termine the choice. If one of the two bed lines, which the 
intervening country affords, is found to be caficr, the other 
fliorter, the afeent and the didance are to be jointly con- 
fidered, the exertion and the time required are likewife 
to be duly weighed. Further, alfo, the nature of the 
ground, the fource of materials and, generally, the compa- 
rative expence of forming the road by two doubtful lines, as 
well as tiieir comparative expofure<, are to be taken into con- 
lideration. A long line or road, acrofs a broken country, 
Ihould not be hadily drawn or determined upon by the di- 
reAors of this fort of bufinefs. 

But in regard to the mod difficult and troublefome part 
of this fort or work, — the neceffary management in the afeent 
of hills,— it is obferved that, whether in laying out a frefh 
line, or in altering an edablidicd one, modern road furvey- 
ors, like many other reformers, have run from one extreme 
to another. To do away the abfurdity of going up one 
deep and down another, to afeend a third in order to reach 
the required elevation (a common occurrence on fortuitous 
roads), they have ingenioufly, but very injudiciouHy, given 
an uniform rife from the bottom to the top of tlie afoent. 

In the theory of mechanics, and where mechanic powers 
only were to be ufed, a regularly inclining plane would be 
perfectly proper, in a cafe of this kind. Where the re- 
quilite power is to be applied by rational beings, the 
fame principle, though not altogether perfed, may be al- 
lowed ; but when the moving power is neither purely me- 
chanical, nor in a fufficient degree rational, but an irregular 
compound of thefe two qualities, the nature and habits of 
this power require, he thinks, to be confulted. It is, he 
e.onceive6, one of many inilancet, which fhew the impro- 
priny of applying purely mechaaical priucipleti iu agricuU 


' ture and rural concerns, in which they arc to be combined, 
not only wdth the power but the will of the animals. No 
man who has been accuftomed to drive a road team, or 
in the habit of feeing one driven in a hilly country, and 
who properly regards what he fees, would lay out a long 
line of afeent without one or more breaks, or convenient 
reliiug-places ; in which the animals of draft mav relax at 
their eafe, and fet off again without difficulty, fie, how- 
ever, obferves, theory will readily fuggeft that, by a drag- 
iiaff, or pall, a carriage may Le fecurely Hopped on the 
fteepeft alceiit. But pradicc wtII knows the danger of 
checking the eflorts of bcaffs of draft while they are 
ftruggling againit the collar. For if they poffefs any ha- 
bits, or even the feeds of rellivenefs, nothing is, he contends, 
more likely to encourage, or produce it, than fuffering them 
to Hop under the difficulties of draft. Bcfides, thofe which 
are true to their work, well knowing the extraordinary dif- 
ficulty to be overcome, in putting a carriage at rcll into 
motion in fuch a fituatioii, Hop under a degree of anxiety ; 
while the more fpirited and irritable Hand on tlic rack, and 
tremble at the apprehenlion of the painful effort they have 
to make. But let them fee an end, or a refpite, of tlieir 
endeavours, and they wdll Hruggle with williugiu fs. A reH, 
after the difficulty is fiirmounted, comes as a reward for their 
exertions. But where the natural furfacc of the ground a. 
well Hudied in any given cafe, there will fcldorn, he fup- 
pofes, he much difficulty in affigtiing the places proper foi 
reHs ; fo as to make the road not only cafier for carriages 
of burden, but fafer and more pleafant to travellers, as well 
as more fightly ; befides being better to be kept in repair, 
than an uniform defeent ; by reafon of the flatter llages being 
checks to the furface water, and convenient places to g(*t 
rid of it, without injury to the face of the road. But where 
fuch breaks do not occur, the line of afeent fhould be uni. 
form ; or as nearly lo as the natural furface, or immoveable 
obftrudionsof the acclivity to be furmounted, will allow in 
the particular cafe. 

Likewife in the fetting out of thefe lines, the common level 
is to be fet by an obfervation from the bottom to the lop 
of the afeent (thefe points having been previoufly de- 
termined on, by the given circumdanccs of tlie general line 
of the road), or from Hation to Hation where a clear view 
cannot be had between the extremities; and the degree 
of afeent, thus afcertained, is to be marked with a pencil 
upon the inilrument that is made ufe of for the puipofe. 
And by this mark it is advifed to trace a rough line aloni* 
the face of the hill ; in order to determine, with fufficient 
truth, rcfpecling the proper breaks, or reHing-places, that mav 
be required ; endeavouring to fix upon fuch natural breaks 
in the (lope as are fituated in, or fiifficiently near, the ge- 
neral line of afeent. And that when this has been done, tc» 
afeertain, by fimilar obfervations, the exadf angle of eleva- 
tion, or degree of lleepnefs of each rife, or length of afoent 
between the breaks, &c. by thefe means jsrocuring an uner- 
ring guide, in marking out and forming the bale or bed ot 
the road ; without the rifle of incurring unneceffary labour 
and expeuce in doing the work twice over to bring it to the 
truth, or a Hate of iuitable exaft nefs. 

But it is well remarked by Mr. Marlhall, that the beft 
fervices of the road fi^yor lie in avoiding, not in furmount- 
ii^ hills. And that in a long line of road, between places 
of nearly equal elevation, this may often be done. There 
are inffances of tlie moft public roads going over the tops 
of lulls, where linea of equal length might be traced along 
their bales ; and the difficulty and danger of afeending ano 
defeending the fteeps be avoided by fuch means. 

Very much attCMM'hai lately been beitowed on this de- 
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partment of the road*makerS bufinefs, efpecially in the more 
northern parts of the kingdom ; but much is it ill left to be 
accompKmcd, efpecially in the weftern diftrifts of the fouthcrn 
parts of the iOand, where an attachment ilill remains to the 
original lines or directions. 

And it is fuggefted by Mr. Beatfon in the paper above 
alluded to, that the bufinefs of laying out the lines of roads 
may, in faCt, be reduced to three limple principles ; thofe of 
fixing upon the Jhortefi^ the moji levels and the chtapejl direc- 
tions, for which, though apparently very cafy of execution, 
from the frequent occurrence of circumltances that render it 
neceffary to deviate from them, the knowledge and experience 
of the furveyor are found requifite. The firfl requilitc from 
its being a Itraight line, is often necefl’ary to be departed 
from in order to avoid the removal of expcnfive obftaclcs, 
fuch as hills, rocks, water, and morafles. The fecoiid is of 
vaft importance, and Oiould invariably be adhered to, if pof- 
fible, even though the other two fhould, in a certain degree, 
be given up ; for it is infinitely better to go a conlidcrable 
way about to obtain a level road, than to go tlraigbt forward 
and be obliged to take an afeent ; but it may, in -fomc cafes, 
be preferable to afeend a gentle rife, in order to obtain a 
good hard bottom, and a road cafily made, than to go on a 
level through a fwamp, or piece of water, which would 
require a much greater quantity of materials, be much 
more difficult to keep in repair, and occafion a great deal 
more ex pence. It is not the moft hilly line to appear- 
ance that is always to be rejeCted as being the leaf! 
level ; for the fleepcr and fliorter lome hills are, it will be 
the oafier to obtain a level road in that direction, by cutting 
down the fummits, and laying the materials taken from 
them in the vallies or hollow parts, which, in many inttances, 
may be done w'ith groat facility. And the third, or the leaf! 
expenfive line, is alfo frequently given up, in order to obtain 
one or both of the other two. It is therefore concluded, 
that much depends on the fkill and ability of the furveyor, 
who, before he finally determines on a line of road, ought to 
make himfelf pcrfeftly maflcr of every part of the interme- 
diate and adjacent country ; nor fhould he rafhly determine 
at once, but fhould examine repeatedly, over and over again, 
whether no other line would be better than that he firll 
thought of. 

And with rofpedt to the parts or divifions of which a 
public road fliould conlilt, it is obvious that they fhould 
▼ary in fome meafure, according to the nature of the traffic 
or bufinefs which is carried on upon them, the fituation in 
which they are placed, and the particular circumftances of 
the different cafes. It is, however, contended by the author 
of the « Landed Property of England,’’ that the plan and 
formation of all public roads fhould be the fame ; every 
public lane, or other feite of a public road, he conceives, 
ought, where the width and other circumltances will permit, 
to be divided into three travellable lines, namely : i. A 
middle road of hard materials, for carriages and horfes, in 
winter and wet feafons : 2* A foft road, formed with the 
natural materials of the feite, to be ufed in dry weather, 
to fave the unneceffary wear of the hard road, and to favour 
the feet of travelling animals; as well as for the fafety, 
eafe, and pleafantnels of travelling in the fuinmcr feafon : 
and 3. A commodious path, for the ufe of foot paflengers, 
at all feafons. But in thefe cafes, he thinks, modern practice 
has fimpli^d too much. Inflead of thefe three requifites of 
a public road, we generally find a parliamentary or tuimpikc 
road (away from the environs of great towns), confifting, 
Amply, of one uniform broadway of hard materials ; upon 
which horfes Humble, and carriages jolt, the year round: 
wh^ traveUert on foot are feen wading to theu ankles m 
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mud, or in dull, according to the Hate of the wind and 
weather. His notion of what the nature of a public road 
ought to be, is, that within the fences of a lane or road 
there fhould be a railed foot-path, a convex hard road, a 
foft fummer road, and channels to can-y olF the water 
colle<^Ied by the carriage roads ; the foot-path being cut 
acrofs, in proper places, to permit the water, uhicli falls on 
that fide of the middle road, to pals freely into the ditch 
at that fide, as well as to prevent horfemen from riding 
along the path ; the oppofite hedge-bank being perforated, 
to let off, into the other drain on the contrary fide, the 
waters which may colledl on that fide of the lane or 
road. 

And in regard to private roads it is contended, that wlierc 
they are mudi ufed, as in fuch as lead from a village or othe»* 
place to a public road, they fliould have a double carriage 
path, fo that carriages may any when* pafs each otln r. But 
that for fuch as lezid merely to a farrn-houfe or a hamlet, 
a lingle line fufficiently wide to let a fingle or faddle horf- 
pafs a carriage with occafional dilations for carriages to pal": 
in, are only in general requilite. 

Form of Roads, — Further, in regard to tlic moll apprrt- 
priatc form of roads, there has been a great difference 
opinion among the perfons engaged in this fort of work, fomc 
contending in favour of tlic convex form, while olliers are 
inclined to think the concave fliape pivferrable in many cafes ; 
and ffill others, tliat they flunild be either made perftdlly 
flat from one fide to the other, with inclined planes longi- 
tudinally, or be wholly fai in every diredion. But experience 
fully fliews, that fomc degn-e of the convex form is neceffary 
in almoft every cafe, in order that the wetnefs and moiilure 
may be difeharged with greater facility, and of conrfe the 
roads be preferved in a nnire dry Hate. And in fjieaking 
of this form of road, Mr. Beatfon oblerves, that the rife in 
the middle is more or lefs according to the fancy or whim of 
the makers, but in general it is a great deal too much. This 
form is adopted on the idea, that whatever wet falls upon the 
road will run off towards the fules into drains made tliere 
for the purpofe of receiving it. If the roads were a perfect 
fmoothhard furface, this theory would, no doubt, he thinks, 
hold good ; but in practice it is found not to be the cafe, 
for the wheels of carriages occafion fo many ruts, and lucli 
a roughnefs on the furface of the roads in general, that 
little or no water can run towards the fide-drains, however 
convex the road may be. It confequently lodges in thofe 
ruts, and every fucceeding carnage, he thinks, the more eafily 
makes them deeper, and works the water and materials 
together in fuch a manner, as very foou to render the road 
extremely difagrecable. This frequently happens, he 
afferts, even on roads that have been made moll iiicommodi- 
oufly convex, for the very purpofe of keeping them dry ; 
confequently, the convexity of a road has not the defired 
effedl of preventing water lodging upon the furface. Belides, 
it is, he conceives, extremely inconvenient for all wheel 
carriages, and dcflruftive to the road itfclf, by making the 
loading reft unequally upon the wheels, unlefi when go- 
ing on the very middle of the road, for the lowcll wheel will 
always bear the greateff part of the burden, and therefore 
will injure the road the more in proportion. If a cart or 
any carriage with two wdicels is loaded, we will fuppole, 
with two tons weight ; when that cart is upon a level from 
fide to fide, the load is equally divided, and each wheel 
fuftains the weight of one ton ; but if that cart is going on 
the fide of a convex road, there will perhaps be the weight 
of a ton and a half upon one wheel, and only half a ton 
upon the other, confequently the lower wh.eel, in this cafe, 
will do the road as much injury, as if the cart were loaded 
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KVilli throe tons upon a level, inftcad of two upon fuch a 
declivity. The proportion of weight upon each wheel, ac- 
cording to the declivity, will depend on the nature of the load- 
ing of the cart, for the higher the centre of gravity of the 
load is, the greater will that weight be on tlie lower wheel on 
the fame declivity ; and therefore a cart loaded with hay, 
llraw, or wool, or any other bulky commodity, will be 
more injuriou.j to a convex road, unlefs when on the middle 
of it, llian the fame cart loaded with the fame weight of 
Hone, lead, or iron, or any other weighty commodity which 
lies low in a cart ; and nothing can be more injurious 
on fuch roads, than a tlagc-coach loaded w'ith outfide 
pafrengerj;. But the deftruaive confequenccs of allowing 
carriages to heel much on any fort of road are even vifible, 
thougli in a fmall degree, he luppofes, from the effed pro- 
duced by a wheel going over a Hone, or any hard fubllance 
lying in one of the tracks or ruts, in winch cafe there will 
foon be a deep hole formed by the wheel in the other track, 
dircdly oppofite to tluU (lone or fubllaiice which raifed the 
other wheel. Every precaution ought, therefore, to be ufed 
to prevent carriages heeling to one fide on any part of a road. 
And he fiiggells, that the inconvenience, and in many cafes 
the danger, of going on cither fide of a convex road, makes 
all waggoners, carters, coachmen, &c. keep always on the 
middle, by which, on fuch roads, there is feldom any other 
part ufed by wheel carriages, however wide the road may 
be ; confcqucntly, by the carriages being always confined 
to the lame track, that part of the road foon gets out of 
repair, and requires a coullaut outlay of money to keep it in 
proper order or condition for being travelled upon. It is 
alfo added, tliat tlie mctliod of forming and making the 
convex roads, in the lirll inlliince, appears to him very 
abfurd. He fuppofes, tliat before any bard materials are 
laid on, the road is generally formed in fomewhat a liollow 
mamier, rounded below , in which there are drains, or ditches, 
on each fide : alfo the footways or horfe roads when made high 
enough. Thcfe are alfo fometimes called the fummer roads, 
on account, he fuppofes, of that being the only feafon they ean 
in general be travelled upon. Tlie road forms a convex line, 
about ten or twelve inches lower at vlie Tides of it than the 
footway and fuminer road. After being thuf^ formed and pre- 
pared, the haul materials, mollly couiilHug of bioheii lloi-er, 
are laid on, which, it is fuppofed, will fill up tliat fprite wlnth 
is the hollow in a convex line, and w-hen finished, llie wh.ole 
iurface, from one fide* to the other, hn-ms one convexity ; 
the footways or horfe roads being made a contimuition of 
the fame curve. And tins is Hill w'ith the idea, that ail 
the W'ater that falls on the road will run into the drains on 
each fide. But let any perfon, in wet wcallier, take a view* 
of a road thus formed, and he will find, that, in general, 
however great the convexity may be, the water w ill Hand m 
every rut and every imprcflioii made upon it, efpecially if 
the road has been long travelled upc n ; that the Hones on the 
furfaceare pulverized by heavy wheel carriages, and the wet 
earth from below worked up amoug them. Alfow’hcre the 
road is but newdy made or repaired, and the materials are 
fufficiently porous to let through the water, it will then 
lodge on the convex fin lace, in every imprcHion of a Hone 
or other uneven part, particularly at the Hdcs, where it is 
dammed again by the foci ways, aiid thus the bed or found- 
ation of the road is kept conllantly moift, and of courfc it 
will very foon go out of repair. By this continual moiHure 
the Hones fink down into the foft earth, of which the bed of 
the M)ad is compofed, and this earth works up through the 
harder materials, and occafions all that dirtinefs generally on 
the fiirface of roads in wet weather, although, perhaps, ten 
or twelve incheb in thicknefs of thofe hard materials had 
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been at firft laid over it. Sometimes, indeed, there are 
under-drains made through the footway, from the fide 
parts, at every ten or fifteen yards diHance, to convey the 
water into the ditches ; but even this is not fiiund to anfw^er 
the purpofe intended, for the intermediate fpaces foon 
become fo impervious, that the water does not pafs through 
them to enter thcfe drains, the wet earth being * converted 
iiito a fort of puddle, refcmbling what is ufed, in aquatic 
works, for the purpofe of preventing the moiHure from 
penetrating through, and confcqucntly it lodges in all the 
ruts and hollows on the fiirface, without palling off fo 
quickly as fliould always be the cafe in fuch iuftances. 

Befides this there is another manner of forming thefe 
convex roads advifed in the Bedfordlhire Agricultural 
Report, in which it is propofed to leave a hollow or vacuum, 
as it is called, in the middle, to depofit the hard materials in. 
The only difference that appears to be between this and the 
method deferibed above, is, tliat inffcad of the bottom of this 
hollow' being made convex, it is made flat, and alfo deeper. 
It is thought tliat this mctliod is liable to the fame objection 
as the former, perhaps even in a Hroiiger degree ; bciidcs, it 
would require a much greater thicknefs of hard materials, 
w'hich are very expenfive, and ihofc materials w'oiild be decpell 
or thickeH in the middle of the road, wlu re the w heels of 
carriages hardly ever go, confequcntly tliat part is not fo 
liable to be cut up as the tracks in which wlicels moH gene- 
rally run, and produce their greatcH effect Mr. Marfliall 
leems, how'ever, to think more favourably of this form of 
road, efpecially for wet tveather, affuming it as a found 
pofition, that roads, in general, which arc intended to be tra- 
velled in wet feafons, Ihould be convex ot Jhelving^ not flat or 
concave. It remains to determine the proper degree of con- 
vexity of the hard line of road ; from the margin of which 
the dry-w'eather line ought to fliclvc gently to the foot of 
the hedge-bank ; fo that carriages may pafs freely, and 
fafely, from one line to the other ; and in order that the rain^ 
water which falls on that fide of the lane may find its way, 
eafily, into the channel prepared for it, wliich is, lie con- 
ceives, for a wet -weather road, to be rcgulaU d by a variety 
c;f ein umHances : an, firH, by the materials of wdneh it is 
to be formed : foft materials are moll liable to be worn into 
rut:' and liollow s, and require to be laid up with a qviickei 
defeent for rain water, than hard inatiri.ib, which requiu- 
leJs eh valion or rotundity of furfvice ; and Iv.dl of all a firm 
even pavement, S(’eonrliy, that a convex road in the face ol 
a Heep is to be laid up higher, with a given nr terial, than 
one on more level ground, on which raimwatcr has no other 
tendency than to the lides ; vvlicrea*' in the face of a Heep, it 
It may have an equal or greater tendency along the line of 
roavi ; and is liable to be caught by the llighteH impreflions of 
\vJ;eels ; and thus to w’car clizinuels, as may tuo often be feen, 
from the t(/p to the bottom of the hill. Even where the 
furfaee of the road is jjcifei^tly fmooth, it may have twice 
the diHance to run, before it reach the outer margin, that it 
bason a level. And thirdly, that the degree or convexity 
is to bo determined, in part, by the width of the road ; the 
materials and defeent being equal. A wide road requires 
to be formed with greater lidcway defeent than a narrower 
one ; which more readily frees itfelf from rain-water, inaf- 
much as the diftance is Ihorter from the crown to the outfkirts 
of tlie road in fuch inHances. 

But that the freeing of a road from rain-water is not the 
only objefl to be kept in view, with regard to its convexity : 
the cafe and fafety of carriages, and particularly thofe of 
burden, whofe loads, being of light materials, are laid up 
high, require to be confultcd. A carriage moves moft 
freely^ and with the leaff exertion of draft, when the load 
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hcs etcnly upon the wheel* on either fide.. In propor- 
tion as the weight i* thrown on one fide or the other, the 
rcfiftance i» incrcafed ; cfpecially on the road which is liable 
to impreflion. Hence the inconvenience of a highly convex 
road in the face of a fteep ; and hence the utility of breaks 
in long afeents, or fuch roads as are formed in hilly 

fituations. . . , . r ^ 

In faft, he conceives it evident in relpeCt to convexity, 
that every part of a road Ihould be equally and duly convex, 
— (hould be equally fafe and eafy for carriage* of every de- 
feription ; otherwife it becomes partially worn ; the more 
level part* only are ufed ; the llecper being in a degree ule- 
lefs. Hence a road of even and due convexity is not only 
eafy and fafe, but may be formed of a narrower width, than 
one whofe fteep fidcs arc neither eafy nor fafe to be tra- 
velled ; and whofe crown, only, is in ufe for paffing upon. 
And on meafuring different paffages of roads which ap- 
peared to lie in the moll defirable form, and taking their 
convexity, or the elevation of the crown or middle ot the 
road above the bafe line, he has found that roads of twenty 
feet in width rife about ten inches : namely, one inch in 
every foot, on either fide. And he is of opinion that this 
refult may be taken as a general guide m forming roads : 
this middle degree of convexity being liable to be altered 
according to the width of the road, the nature of the 
materials, and other circuinftanccs which have been ttated 

^^'And concerning the fecond or concave form of roads, 
Mr. Beatfon thinks that it is quite the reverfe ot the com- 
mon form, being loweft in the middle, where other roa.Is 
are generally made highett. By diflenng fo widely from 
the common praAicc, and the general opinion of road makers, 
one would at firft be almoft inclined to fuppofc, that fo lin- 
gular a praaicc in forming roads could only proceed from 
a defiro or propenfity to difier from the reft of mankind : 
but when we are told that the late celebpted and ingenious 
Mr. Bakewell was an advocate for this fonn ; that the road 
by his farm of Difhly, and that through Mefliam, m the 
fame county, are both upon this principle, and 
better order than the roads found about them ; 
the road through Bredon, made under the dircdtion ot Mr. 
Wilkes, is of the fame form, and is faid to be better now 
than ever remembered before, and kept in order »» “luch 
lefs cxpence when we confider thele well authenticated 
fads, fupported by luchrefpeCtable evidence, we lutuially 
conclude that the reafons for adopting this uucomnwn form 
of road, arc founded on fomething more fubllantial than 
mere whim and caprice ; and confequcntly doferve to be more 
fully inveftigated. This writer ftates, that he has not b« n 
ubk to leani the manner of forming thefe kinds of roads 
before the hard materials are lai*d on, but, when completed, 
he underllands the form is fomctliing fimilar to that ot a 
paved ftrect, with a drain for the water in the middle. 1 he 
whore width of the road is divided into three ^ 

neai-ly fo. The fides are made quite flat. The middh divifio 

has a gradual but fmall defeent, or conc®v.ty, from each 
fide to\hc middle part, which is the middle of the road. 

This concavity has alfo a fmall TarJv 

on purpofe, if not declining naturallv, 

off the water to proper outlets. In the middle dmfionUie 

beft and harden materials are laid. The 

Wilkes, as ftated in an jngeniaus pa^r, in the firft 

of Communications to the Board of ^ ^ 

when the fall is one foot in .50 or /^^'^tnetes 

fall from the fides towards the 

in JO feet. When one foot in lOO to 150 , to be i* meues. 

One foot in 30 or Icfs, to be even the whole breadth. 
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Where the width of a road is 6o feet, one foot of fall to 
each 40 feet in length of the road. Twenty feet from the 
fides towards the middle, to have nine inches of fall. 

The inner 20 feet to be flat. 

And Mr. BakcwclPs idea, he is informed, was, that water, 
where it can conveniently be applied, fliould frequently be 
let run upon this concave part, in order to wafh it quite 
clean ; for it is always obferved, whert a fmall dream of 
water comes upon a road, tliat part, if the bottom is good, 
is generally firmed, and liardly ever gives way. To have u 
command of water, therefore, to flood the road at plcafurc, 
he thought would be of great advantage in keeping it in 
order. And tlic other ufeful properties attending a road of 
this form are the following : There arc three parts of it on 
wdiich wheel carriages may go, without heeling to either 
fide ; on the fide divifions, and alfo on the middle diviiion, 
when the horfes walk in the lowed part. This is certainly 
a material advantage, being much more eafy for the horlcs 
and lefs injurious to the road. By carriages ufing indiicrU 
minately thefe thnv tracks, all parts of the road will we<.r 
more equally and for a greater length of time ; whereas in 
the convex roads, there being only one part, namely, the 
middh*, on which carnages ean go without heeling, that 
part only is molf generally uled, and conleqiiently foonell 
gets out of repair, which is a great inconvenience in fuch 
roads. 

With refped to flat roads Hoping longitudinally, the ad- 
vocates for them obferve with good reafon, that by being 
flat or level from fide to fide, the preflurc of wheel car- 
riages will be more eipial, the friction lefs, and all parts of 
the road may be travelled «u with the fame facility ; conle- 
quenlly it will wear more equally, he eafier kept in repair, 
and require fewer materials for keeping it up. But not- 
withltanding fuch advantage., are delerving of attention, it 
mud fccni to thole iUia'’cudoiia d to Inch a form of road, a 
difiicult matter to ki ep it l.illieiently dry, or free from the 
flagnation of water iij>on it. But from its having been ob- 
ferved that the ruts made by the wheels of carriages prevent 
the water running to the fides of convex roads, it is pro- 
pofed that roads of this form fliould have in every level part 
gentle Hopes, fufficient for water to run along, which, lup- 
pofing them to be one foot in tilty, would hardly be jier- 
ceptiblc. On thefe Hopes, or inclined planes, the ruts 
made by the wheels of carriages would promote the water 
running ofl', by forming fo many little channels or con- 
durtors* for it to run into the lower part of thefe Hopes, 
from whence it mud be properly conveyed away. By this 
plan fuch roads will be much more ealily kept dry than the 
common roads ufiially are or can be from tlic nature of their 

conllru6lion. , n r r j 

And farther, in regard to the wholly flat form of roads, 
the reafons given for them are nearly the lame as dated m 
fupport of the lad, only that as there are few parts of a 
country fo perfcaiy level, for any confiderablc didance, that 
water will not run either one way or another, it is conle- 
quently unnecelTary to be at the cxpence and trouble of 
forming thofe Hopes or inclined planes recommended m the 
preceding form ; but that proper outlets mould always be 
kept clear at every hollow part, and if the road ihould in 
any place be quite level, a fhallow crofs drain, that will oc- 
cafion no impediment to carriages at every 50 or 60 yards 
didance, or nearer, will keep the road lufficHnitly d^- 

And it is from thefe. datements concluded hy Mr. Beat- 
foil, that the main objeifts fought after ^re, I. To keep tnc 
road always as free from moidure as poffible: and 2. To 
condruft it in fuch a manner, as to render the draft or 
communication cafieft, at the lead expcnce. In thefe are 
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comprehended all the requifites neceflary to form a complete 
road. To attain them in the beft manner is therefore the 
important point. Four different methods have been ftated^ 
each of which has its fupporters. The arguments in favour 
of each have alfo been fhortly mentioned, which will fhew 
tliat their main obje6t is the fame, unlcfs perhaps the idea 
of watering the concave road may be confidercd a deviation 
from one part of the general rule ; but as that is propofed 
to be done only to warn the road occafionally, in cafe it be- 
comes dirty or fluffiy, it cannot therefore be confidercd in 
that light ill any refpeft whatever. But from thefe modes 
of conffruding roads being in foine meafure unfatisfa£lory, 
he is induced to offer a new theory on the fubje^f, which is 
founded on the knowledge of the flratificd nature of the 
earth. It is Iiowcver only given as theory, having never, 
Ik- believes, been fubjc6ted to the tclt of a£fual pradlicc. 
It is obferved, that every perfon who has paid the lealt at- 
tention to the llrncture and formation of the different firata 
of the earth, mull have feen that lome of thefe ftrata are of 
fo clofe a texture as to be impenetrable to moifture ; others 
again are fo porous, that water will eafily run through them 
in any dircdlion, till it meets with fome obftaclc, or finds a 
vent. Of the fir 11 fort fome are lefs denfe, and of the latter 
f»mc lefs porous than others, confequently as they partake 
more or lefs of thefe qualities, the water or moilture will 
the more or lefs quickly penetrate through them. But in 
order to ffiew this more clearly, and apply the principle to 
the ( ouflrudlion of roads, he fuppofes the feftion of a hill 
or eminence compofed of a Hurnber of ftrata. If the upper 
ftratum or furface foil is of a porous nature, it is evident 
tliat any water which falls upon it, will pjnetratc through 
to the llraiurn below, where, if it cannot go farther, it will 
glide along the furface till it finds a vent at the bottom of 
the hill; if tlie fccond ftratum is liollow, and continues on 
towards any dopreflion in it, the water will lodge in that 
hollow, and form a fort of pool or bog, as is fometimes 
obferved on the tops of hills ; but if in this hollow place 
there is a communication with the porous ftratum, no water 
Will lodge there, but it will penetrate through and glide 
along the upper part of tlie deufc ftratum below, till it finds 
a vent on the fide or at tlic bottom of the hill, as before. 
And by the above it will alfo appear, that if the uppermoft 
ftratum is of a clofe texture or clay, any water falling 
upon it will not only lodge in the large hollow, but in the 
fmaller ones, and in all the other irregularities or concavities 
that may happen to be upon the furface. Hence, alfo, it 
IS evident that in order to keep dry the furface of any fuch 
piece of ground, it matters not of what ffiape or form that 
furface is, or whether it is convex or flat, provided there 
is a communication with fome under ftratum, fufficiently 
porous to carry off the water below ; but it is of fome con- 
fequence the form of the upper part of that ftratum upon 
which the water is to run, for the fmoother it is, the 
water will of courfe the more eafily flow away, and be dif- 
charged from it. 

It is eafy, it is fuppofed, to apply thefe principles in the 
forming of roads in the following way : when a new road is 
to be formed, let it bo done in the firft inftance nearly in 
the ufual manner, with fuch materials as arc on the fpot, and 
the nearer the quality of thefe approaches to clay^ fo much 
the better. Inftead, however, of forming it convex, as is 
generally done, let the lines on either fide from the middle 
be quite itrasght, and meet in an angle or ridge at that part 
or the middle of the road, having a flope from thence to 
each fide, of about an inch in a foot. Tliere are to be made 
fmall drains for the more eafily conducing away the water 
that may be collected at thofc places. The road, being thus 
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formed, mud be allowed to harden and fettle for fome time 
before anv other materials are laid on, great care being taken, 
while in that ttate, to let no carria^s or cattle upon it, and 
it (hould be rolled with a long wooden roller, that will reach 
at once from each of the (ides to the middle. This roller 
(hould be loaded with a box of ftones to make it fufficiently 
heavv, and that it may be the more portable when that box 
is taken off ; and it may be fo contrived, that by changing 
the horfes from one fide to the other, there will be no occa- 
fion to turn the roller, in order to make it roll the fame 
fpace over again. Being rolled in this manner, will confo- 
lidate the materials compofing the ridge of road, and pre- 
pare it for receiving thole to come afterwards, for it is a molt 
abfurd praAice to lay hard materials in the common way 
upon this firll form or bafis of a road, before it is fufficiently 
firm to bear them. When thus formed and properly fettled, 
the next ftep to be taken is to imitate the works of nature 
in dry foils as nearly as poffible, by forming a ftratum 
penetrable by water, compofed either of fand or fandy 
gravel, or any other fubftance eafieft to be got, that is fut- 
ficiently porous to admit water to pafs through it. This 
ftratum (hould be laid quite level, and extending from one 
fide of the road to the other, filling up the fmall drains alfo 
on the fides. Over this are to be laid the belt materials that 
can be got for completing the road, confifting either of 
ftones broken very fmall, or of the beft gravel. This coat 
of hard materials need not exceed above fix or feven inches 
in thicknefs, which being much lefs than is commonly ufed, 
will be a confiderable faving ; and it may even ftill be lefs, 
if the diredions hereafter given are ftriftly attended to. 
If this covering confitts of broken ftones, they (hould af. 
terwards be laid over with fand or fine gravel, when eafily 
procured, fb as to fiU up all the caviucs betwixt them. 
The (and or rnbbiffi from a freeftone quarry is excellent 
for this purpofe, providing there is no mixture of earth in it, 
which (liould be carefully guarded againft in every ftep 
taken after the road is firft formed. Thefe fini(hing mate- 
rials being properly laid on and fmoothed with a rale, the 
whole (hould now, before any carriages or horfes are admitted 
upon it, be well rolled with a heavy iron roller, divided in 
tiiree parts for the purpofe, the two hind divifions of the 
roller being large, the front or middle divifion fmaller, to the 
framing of which the (hafts arc fixed, and fo contrived, that 
it turns in the manner of the fore-wheels of a waggon ; 
there is a box for holding ftones to inercafe the weight when 
neceflary ; but in adding this weight, it muft be obferved 
to lay about two-f birds of it over the two large parts, and 
only one-third over the other, otherwife the preffure will 
not be equal. Iron rollers are fometimes made in three 
parts, as above, but being all in a line, and clofe together, 
they are apt to be choakco by gravel and fmall ftones, wHch 
cannot happen in the conftrudtion here recommended. It is 
contended, that if fuch a roller were generally ufed upon 
roads, efpecially when newly made, it would favc a great 
deal of expcnce in repairing them ; for it cannot be expected 
that any new road will immediately bear whccl-carri^es, or 
continue long in repair, when compofed entirely of bole mate- 
rials, without the fmalleft pains being taken to confolidate 
them together. Frequent and heavy rolling would therefore 
produce the mod beneficial effedts, and would tend very much 
to keep the road free from deep ruts and holes ; befides, 
there is nothing could contribute more cffedually to pro- 
mote and preferve firmnefs and folidity, two qualities with- 
out which it is impoffible any road can, with propriety, be 
called a good one, or have the neceft'ary deerree of foliditT 
and firmnefs. 

The advantages that would refult from this mode of con- 
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ftruftion would be various : by being level on the rurfaccN 
every part of it is equally commodious for carriages, conL'- 
queutly it will all be equally travelled upon, and tin* deep 
ruts fo^ frequent in other roads, will almoll entirely be pre- 
vented.) It wdll therefore be much eafier kept in repair, and, 
if properly managed at firft, will be made at Ids expence 
than tlie common roads, cfpecially in a Tandy foil, or where 
land or gravel is ealily procured. The draft will be much 
ealier on fuel) a road. And one very important advantage 
Uf by having ati under-ilraturn through which the water can 
penetrate, alid the cavities among the harder materials being 
filled w'ith the fame porous I'uhltance, no w'ater can over 
!odg»* on the lurFace, nor can it ever become lo dirty as other 
roa<is are in wet weather ; all the water that falls on the fur- 
face, unlefs perhaps in very heavy rains, being conduced 
away underneath and in every part. And it may be added, 
that from the fmall drains on each fide of the road, crofs- 
clrains ftiould be carried through the fences, provided the 
level of the ground will admit of it, at the diftance of every 
len oi fifteen vards. Thefe crofs-drains may be made of 
wood, with about an inch bore, or of Hone, if preferred. 

It would be of great advantage to this fort of road, as 
well as to every other road where the ground is incloled on 
each fide, that the fences fliould be funk towards the fields, 
and the water be conduced through to thefe funk fences, 
inftcad of the common method of leaving large open ditches 
and drains on each fide of the road. It mull: alfo be particu- 
larly attended to, that on all Hoping roads on a declivity, 
where the water is apt in heavy rains to run upon the fur- 
face, or atthefides, that it ought never to be allowed to run 
in the lame diredion more than ten or fifteen yards, but ut 
that diliance to be conduded away to a fide into tlu! main 
drains. It wdll then do little or no harm, as it can never in- 
creafe beyond a very weak II ream j but if it is allowed to 
run one hundred or two hundred yards, it will probably be 
increafed to fuch a fize before it reaches tlie bottom, that 
it will w^alh away a great deal of the materials, andi may be- 
fides very much injure the road or fences on each fide of it, 
which would be highly difadvantageous in many refpeds. 
Befidcs, it is fuggetted, that a road formed on this plan 
need not be quite fo wide as roads in general are made* for 
the whole furface of it will be in ufc From one fide to tlie 
other, and therefore from twenty to twenty-four feet wide 
is ciuite fuflicient, unlefs near populous towns or exteniivc 
works, where great numbers ct carts or waggons are em- 
ployed. And in the interior parts of the country, twenty 
feet in width will anfwcr every purpofe required. He has 
obferved in feveral places, where the roads have not been 
above eighteen or twenty feet wide, and properly made from 
fide to fide, that they were in much better condition than tne 
neighbouring roads, from thirty to forty or fifty feet wide. 
On thefe wide roads, formed in the ufual way, there is fel- 
dom more than eight or ten feet in the middle of them gene- 
rally made ufe of ; the remainder one on each fide being 
cupied by heaps of Hones, ferapings, and other rubbifli, 
which, although they may partly be of ufe fbmetimes in re- 
pairing the roads, ought on no pretence to be allowed at all 
times, or at any time, to lie there ; fuch rubbifh being not 
only difgracefiil on the fidesof a public highway, but even 
dangerous, particularly in the dark, for either carnages or 
hor&8 ; befides having various other difadyaniages arihng 
from the growth of weeds, and the dilTemination oi their 

^^But in refpea to the moft proper and beft form of the 
roadway of narrow lanes, as thofc leading from village to 
village, in reclufe fituations; where bridle roads, or pacK- 
ivays, have been fo far opened as to admit carnages ; or 


though tih hole width of the lane may not be. more 
eight or tei ffct, it is reir.rirked by the author of the trea- 
lile on “ Ijc .ided Property,’^ that on Inch a narrow fjiace, a 
whol^ barrel, or convex ro.'d. cannot e..fily be kepi up. If 
raifed, it prefently wears into a middle track, and two 
whtvi-rnts, with foul draiiis on either llth* of them ; and 
becomes, in wet weaihi-r, a dirty trough, wdheh is initit for 
cither carriagcb or Iiorfes, and in wliich a fool paflenger has 
not wliere lo let his foot. But that provided fuch a lane 
he thrown intt) a llu lvnig form, refeinb ling half a barrelJeJ 
or convex road, a greater w’idth of travellable road fur car- 
riages and liorles will be obtained; ruts will nut be fo lia- 
ble to be formed ; the whole of the water of rains w'ill be 
thrown on one fide ; w'hile the other wnll alford a comfort able 
w^alking path at all fealons. And ihir, it is added, is now 
no longer merely a probable, but a tried improvement. 
Lanes, ten, twelve, or more feet wide, have been llrikingly 
improved by il. And it is furtlier fiiggelted, tliat when 
water, in a wet fcafon, is apt to ooze out of the banks on 
the upper fide of the lane, a narrow channel is to be cut, to 
prevent its overflowing the road : or, in forming tlie bed of 
the road, the inclination may in fome cafes he reverfed ; fo 
as to throw the drain on that fide of the lane from whence* 
the fpring w'atcr illues : thus the fame dram wdll ferve for 
the fpring and the rain-waters. And it is added, in regard 
to this fenii-convex form of road, that it is applicable, not 
only to narrow lanes, but to the fides of hills ; where tlie 
road, as it generally ought, is condii^led fidelong, not di- 
re6l:ly, up the flope. By this form of the road, the whole 
of the w'ater which falls upon it will be got rid of, withonl 
inconvenicncy or cxpence. And the bed of the road, for 
this purpofe, may be made narrower than for a full convex 
road ; a circumftance wdiich, in fome cafes, may become a 
faving of mucli expence. The upper fide of a road in thiu 
form being nearly level, and firm to the foot of the Heep, 
w*ould be chofen by afeendmg carriages ; while tlic lower 
fide would acquire a loofenefs of furface, and be ufed by 
laden carriages going downward ; and while a raifed foot-- 
path, on the lower margin, would be a fecurc guard, and a 
relief to the apprehenfioiis of timorous travellers. 

But in relation to the width of public roads where a blank 
is given, it fliould be regulated, Mr. Marftiull fays, by their 
publicity, as it is compound folly to make a road w ider than 
its ufe demands. He fuppolcs that there are few roads, even 
near populous towns, that require a greater width than 
about thirty-three feet. But every public road, under 
common circumllaiices, fliould have a line which is travel* 
able at any fcafon, and of ample widtii to permit two car- 
riages to pals each other witli freedom and fafety. This 
ample width let us fet down i\u one llatute ^lole. In deep 
clayey diltridls, wdiere hard materials are difhcult to be pro- 
cured. a Angle road, of half a })ole in breadth, with dila- 
tions at proper diftanccs, to let carriages pafs each other, 
may, in many reclufe fituations, be advilablc. This regards 
the breadth of the winter road, for carriages and animals of 
burden. But that the width of a public fane requires a more 
enlarged view. On tlie plan offered, it is to contain, not 
only a wet-weather road, for carriages and horfes ; but a 
fummer road, and driftway ; as well as a foot-path, which 
may be ufed in any feafon. He obferves, that in many parts 
of the greateft public roads acrofs the kingdom, the lane is 
not more than twenty feet wide. But this being filled wuth 
hard materials, from hedge-bank to hedge-bank, carriages 
alone feldom find any inconvenicncy in thefe narrow parts. 
But where carriages, and large droves of cattle or fheep 
meet in them, itoppages are unavoidable, and great incon* 
venicnce is of courfe luiiained. 
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And it is thought, that the width of the driftway ought, 
like that of the hard materials, to be guided by the publi- 
city of t!ie given road. In a great public road, it Ihould 
certainly be wide enough to wt two carriages pafs each 
other, or one pole in width. But in one of lefs publicity, 
or where the exiiling lane will not admit of that width, a 
(ingle carriage path may fiiffice ; as this being a continuance 
of the width of the hard road, no difficulty in paffing can 
be experienced, it is fuppofed, from it. 

But the width of the foot-path and the ditch may vary 
from half a w^le to ten feet. 

It is therefore concluded, that on thefe pcemifes, the 
width of the lane of a great public road, near a populous 
trading place, ought to be fifty-nine feet and a half; and 
that of a common market-road, thirty-three feet. And 
tlicfe widths, without any previous intention, come out 
nearly the fame as thole dircded by adl of parliament, for 
the lanes of .turnpike roads and highways. A great error 
in the adl, however, is, that the lanes of all turnpike roads, 
(hall be fixty feet wide : thus incurring a ferious wafte of 
land ; and creating great nuifances ; which green lanes ever 
are to the occupiers of adjoining lands. He from this fug- 
gefts, that where cxilUng lanes are wider than all the defired 
conveniencies require, (lips Ihould be fold off their lides, and 
be laid to cottages, or to the adjoining inclofurcs ; having 
recefles here and there, in which to lodge materials. It has 
long appeared to liis mind an evident pofition, that every 
part of a public lane Ihould be ufed ; and confequently that 
/lo part of it ought to be a nurfery for weeds, or an unpro- 
fitable common pallure for ftarving ftock. Still he remarks, 
that a wide lane has its advantages ; efpecially in a low clofe 
fituation. It gives freer admillion to the fun and air than a 
narrow lane, and the road dries more quickly. And further, 
that by permitting a more forcible current of wind, the 
pulverized materials, or dirt of the road is, in dry feafons, 
carried off in the Hate of dull ; leaving the ufeful materials 
undiilurbed. And it is liighly proper to place the principal 
line of road in the midway of the lane, that it may be the 
moll effe£lually expo fed to the agency of the fun and 
wind. 

Mr. Beatfon even fufpedls, that, in the whole kingdom, 
thouiands of acres of fertile lands are loft to the public, 
merely by making the roads fo much wdder than there is any 
neceflity for. In the vicinity of large towns, they (hould 
have an ample width, as 30 or 40 feet ; or, in (ome cafes, 
confiderably more, as near the metropolis. But the prac- 
tice of making them 40 or 50 feet wide, as is fometimes the 
cafe, through a thinly inhabited part of the country, or 
near the moft pitiful villages, where even 20 feet would be 
fufficient, is, he contends, a mere watte of ground for no 
purpofe, and occafions a very great additional expence in 
making fuch roads, which certainly might be avoided. 
Suppofing the medium neceffary width of road to be 
7 yards, or 21 feet, and that the medium width now made 
is II yards, or 33 feet; this is, upon that fuppofition, 
4 yards wider than is neceffary ; which, in every mile, is a 
lofs of 1 acre i rood and 2 perches : and fuppofing there 
are 5000 miles of fuch roads in the whole kingdom, there is 
a lofs of more than 6300 acres, which, if eftimated the 
fame as the improved value of the wafte lands, at zys. per 
acre, and at 30 years^ purchafe, would produce 255,150/. ; 
a fum which, if laid out in improving the roads, and making 
cafy communications through different parts of the king- 
dom, would be of the mateft public advantage. And it 
is evident, that where tney have the width Hated as necef- 
(ary by the firft of the above writers, the lofs fuftained in 
this way muH be dill greatly more confiderable. 
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Mr. Marihall thinks, that in the operation of forming 
roads of the public kind, the firft bufinefs of the road- 
furveyor is to examine the lane, or other feite of the in- 
tended road, in every part, to afcertahi whether offenfive 
waters lodge beneath it, and whether quickfands or land- 
fpringb break out in a wet feafon, in which this examination 
is requifite to be made. If defedts of this kind be found, 
effedlual fubdrains are to be run up to them from the ditches 
or fide-drains of the lane, or other fcitc. And that the 
next operation is to adjuft the furface of the feite ; to ftrike 
off the protuberances, and till up the hollow parts; and 
thus, in ordinary cafes, to mould it to the nrft proper 
form, or according to fome of the other form# that have 
been mentioned ; the foot-path and the higher fide of the 
foft road being railed with the earth which is required to 
be taken off the bed of the hard road, whofe bafe or founda- 
tion ought to be formed with peculiar care. Every part is 
required to be firm and found ; dry earth or hard materials 
being rammed into every hollow and yielding part. It it 
fuggeltcd that the firft form is adapted to firm binding ma- 
terials; to fuch as acquire, by wear, a repellent furface, 
and (hoot off the waters that fall upon it ; not to thofe 
which are loofe and incohefive, yielding to preffure, abforb' 
ing rain-waters, and conveying them down to the bafe or 
bed of the road. Thefe require a flat or a convex bed, free 
from obftruftions on cither fide, fo that the abforbed wa- 
ters may effe6l their efcape at the bafe. And that on this 
firm and level bed the largeil of the hard materials are to 
be laid ; next, thofe which arc more finely and evenly 
broken ; and, lalUy, a covering of ilill finer materials : to 
alfitt the roller in giving fufficient firmnefs to the fur- 
face, and t© render it immediately capable of being travelled 
upon. 

But in regard to the proper materials for conftruAinr 
roads with, Mr. Marihall thinks that although every dit^ 
trift may be faid to have its own material, and often with- 
out choice or alternative, yet there may be inftances ia 
which ufeful materials are overlooked or difregarded. And 
that in fome parts, particularly in Lancafliire, large paving 
(tones are in common ufe ; fome of the more public roads 
being rough pavements, relembling the ftreets of ill-paved 
towns. But that in the northern, and fome of the midland 
provinces, broken quarry Hones are the ordinary road ma- 
terial ; and that, taking the kingdom at large, they are 
the moft common material. But in the fouthern and weftern 
counties, flints and other hard field Hones, gathered off ley 
grounds, are in common ufe ; and in the neighbourhood oi 
the metropolis, and in other parts of the kingdom, (harp 
flinty gravel is a favourite and valuable material. In many 
parts of England, (mooth, water-worn, pebbly gravel, col- 
le£Ied on the fea-beach, and in river beds, is uied ; and if 
the pebbles are of a hard texture^ and be properly broken, to 
make them bind, or unite firmly together, a good road may 
be made of this material. I n tome cafes, fand and tilt, or 
fine fea-fand, have been employed with fuccefs. 

It is likewife added, that tlie artificial materials of roads, 
which he has met with, in quantity, are the drofs and cin^ 
ders of iron and copper works ; and burnt clay, (burnt as 
bricks in heaps,) which in a clayey diftrid, deftitute of 
other materials, and where fuel is cheap, may be found a 
valuable fubftance for the purpofe. It is fuggefted by Mr 
Beatfon, that in a Tandy foil the roads may be made on the 
new conftru6tion, he has already recommended, with the 

f reateft cafe. In fuch a foil, there will be nothing more to 
o than to level the furface properly, fill up all the hollow 
parts, roll it well with the long wooden roller, and lay on 
the materials intended to finifh it with, in the manner di- 
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reded, and then roll it with the heavy roller, as has been 
advifed above. 

But in cafes wliere the foil confills ejitirely of a deep 
loofe fand, the beft and eaficft way to make a lading road 
is, to form it to the widtli intended for the hard materials, 
and then to let a channel be dug at leail i8 inches in depth, 
and about the fame width : let thefe be again filled, and 
firmly built up with Itrong turf or clay, or any other folid 
fubilance that will prevent the materials to be laid on the road 
from fpreading to either fide ; openings being left at every 
to or 15 yards, to let the water that falls on the middle 
part of the road more eafily through. Where the form of 
the ground requires making up, a little wall of the fame 
nature, inftead of digging a channel, may be built on each 
fide, nearly as high as the furface of the road is intended to 
be. Thele will prevent the hard materials laid on from 
fpreading, whicli is the principal caufe of roads made in 
fuch foils giving way in fo (hort a time ; and thefe materials 
will not be fo liable to fink into the fand, if it is properly 
rolled before they are laid on. as well as at different periods 
after it is linifhed. And if there be a fence on each fide of 
the road, and materials can be Ipared to cover it from fide 
to fide, there will be the Icfs occafion for the little walls ; as 
thefe are only intended to keep the hard materials within 
the bounds preferibed, in cafe it is not judged proper to lay 
them, the whole breadth of the road. Where, however, 
thofe walls are thought requifite, the fpaces, by being co- 
vered with a little gravel or freeftonc-fand, will make very 
good foot-ways or horfe -roads j but in a road finifhed in this 
way, there will be no occafion for horfe-roads diftinft from 
the main road, as the whole, if kept in proper order, will, he 
fuppofes, be fufiicicntly fmooth and fafe for horfes, or even 
foot pafl'engers, to go upon at any time. In fpeaking of 
the making of roads through a clayey foil, it is remarked 
that thofe formed in fuch dillri£ls are in common the mofl 
unpleafant of any, chiefly on account of proper precautions 
not being taken to prevent the water lodging on the fur- 
face ; fometimes, perhaps, owing to a want of proper ma- 
terials, fuch as Itoiies or gravrl : but he has often leen the 
very worft of clay roads, even where no fuch excufe could 
be given. And that it leems hardly ever to have occurred 
to thofe who had the dirc^lion of fuch roads, that fand, pro- 
perly applied, would in a great inealure remedy all the de- 
fe^s complained of ; and there are few j)aris of a country 
where fand of fome fort, or fn flone-rock, or landy gravel, 
may not be obtained by fome means. In l ertain fituations 
it may, no doubt, be more expenfive avd difficult to procure 
fuch materials than in others ; but thele arc local advantages, 
which road-makers mull by tliclr account xvith. But the 
excefllve inconvenience of bad roads, the cxpence occafioned 
by the tear and wear of wheel-can iages and harnefs, the 
rifk ®f diflocating the limbs of horfes, together with many 
other difadvantages, ought to llimulate all concerned to 
exert their utmoil endeavours to make roads good, and 
eafily paflablc, be the difficulties what they may, that 
Hand in the way of them. 

It is hinted, that in fuch places as where no hard ma- 
terials can be got, if the road were formed nearly in the 
fame manner as that firlt noticed, the evils complained of 
might probably foon be remedied. The clay Ihould be ex- 
cavated, fo as to form a ridge in the bottom of the excava- 
tion. There (hould be fmall openings or drains at every 
10 or ic yards, or at every liollow place, to condu^ away 
the moiiiure into the main drains. If this excavation is then 
filled with fand, or any other porous matter eafiett to be 
got, and finiihed as formerly directed, there is no doubt 
but the road would fooo become as good as could be wiftied 


for. Something limilar to this he has known put in prac- 
tice by a very ingenious gentleman in Cheftiire, on vThofe 
eltatc, being a Itrong clay foil, the roads were fo exceffivelv 
bad as hardly to he paflablc. He dug away the furface of 
the road to the depth of 12 or 14 indies, and having the 
command of plenty of fand, he filled up the excavation 
therewith, and covered the whole with gravel ; by which 
means he has now made, fo far as completed in this manner, 
as pleafant a road as one could wifh to travel on. He is 
not certain if he left the bottom of the excavation w'ith a 
ridge in the middle, as here direfled; but he is clear this 
would be an advantage, as well as the outlets at certain dif- 
tances, to let away the water. 

And in conftru^ting roads through boggy or morally 
foils, it is advifed, after proper flcps have been taken, to 
drain off as much of the winter as poffible, by deep ditclies 
or drains withinfide the fences, if inclufed, or intended to 
be inclofed, on each fide. 'I'hcfe drains fliould be call at 
leafl a twelvemonth before any thing clfe is done towardii 
making the road ; lor if the place is very boggy, it uill be 
found to fubfide confiderably after the water is drained 
away ; and fome parts will fubfide more than others, in pro- 
portion to the depth of the moffy foil, and to the qiiantit) 
of w’ater lodged there, Thofe parts wdll, therefore, be the 
better fecn tlic fecond fcafon than the firfl. All hollows or 
irregularities fhould then be filled up and levelled, either h) 
taking from the heights and filling up the hollows, or by 
fome other proper materials nearefi at hand. In either cab', 
the furface fods Ihould, wdtli a piifh-plough or paring fpade, 
be carefully pared off the heiglits to be lowered, and alfo 
off the hollows to be filled up. Thefe fods fliould be laid 
afide, till thofe places arc brouglit to their proper level, and 
(hould then be laid on again. This will make the whole 
furface of an uniform toughnefs, whicli would not he the 
cafe where the fods arc not laid on in this way. After 
has been done, the breadth of th<‘ intended part for re- 
ceiving the hard materials fhould be marked off'; then lei 
that part be covered wdtli fand, or fuch porous fubflance, 
as before recommended, to the thicknefs of at leall ic or 
12 inches. Then roll this, and fiiiilh it as already diredted ; 
and there is no doubt hut a road made in this manner may 
be as good through a mofs as in any other lituation. This 
lie (peaks of from experience, liaving feeu the moll pleafant 
roads made in thi', manner, through moH’es formerly tliought 
impaffable. When the mofs is too foil to admit horfes upon 
it, the fuiidy llraium may be rolled by men, the weight of 
the roller being regulated by the fione box, according to 
their ffrengtli. Sometimes the rolling is altogether omitted ; 
but it IS much better to roll, when pradlicabfe. It is added, 
that tliere arc other methods of making roads through 
inoffcs ; as by laying a foundation of broom, furze, or 
heath, and then the hard materials above ihein. But land 
is greatly preferable, where it can eafily be got, and when 
the track t)f the road is properly drained, as it always ought 
to be, before any thing is laid upon it witli a view of mak- 
ing a road. Thefe principles and diredlioiis arc, it is faid, 
equally applicable on all other forts of foil, with trifling 
variations, according to the peculiar circumftances of the 
cafes. 

And it is fuppofed, that in the above cafes the roads 
were formed where the feite or track was nearly level from 
one fide to the other ; but there arc other fituations, fuch 
as when cut or formed on the Tides of hills, where fome 
other precautions become neceffary to be attended to. 
In thefe cafes it is obferved, that in making them it fre- 
quenlly h^pens that the excavation affords a fufficsent 
quantity of materials for the purpofe ; and the part cut out 
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t vt the folid very rarely requirCsS any covering laid upen it. 
This, however, depends on the nature of the foil. If the 
whole breadth of the road is formed from the folid, and 
that is fufficiently hard, no extraneous materials will be 
m-erfiary ; but if the foil is a compound of clay, or of a 
foft luiuirc, the above rules and regulations muft be had 
recotirfe to. And that where the parts arc made up from 
the excavation, they ought to be formed confiderably 
higher at firll than the other parts, as they will naturally fub- 
fide for fome time afterwards, and the hard materials (hould 
not be laid on till tliey have fufheient time for that purpofc, 
which may be greatly expedited by rolling ; and it fhould 
be obferved, that it is much better to be obliged to lower- 
thofe parts to their proper level before the materials are 
laid on, than to be under the neceflity ot making up any 
of them at tlie time. And further, that where the hill is 
of a confiderable height above the road, a good deal of 
water will fom’times come down. In this cafe it is in 
general Letter to iutt^rcept that water at (ome little dif- 
tance from the fide of the road, than to allow it to run 
down the face of th«* bank. If allowed to run down tins 
face, it will very foon moulder it away, efpecially in frody 
weather, and will always choak up any drain that may be 
made, whether covered or open ; for if covered, the earth 
that moulders down will in a fliort time become fo clofe, 
that water will not get through it to the drain before it 
runs off upon the road ; and if open, it w-ould be extremely 
difficult and troublcfome to keep it clear. In this cafe, by 
intercepting it about four or fix feet from the brink, and 
condufting it away to the moll convenient outlet, it w'oiild 
be much eaficr to keep the road dry. If the face of the 
bank be irregular, the water may llill be conduced aw'ay, 
by making the drain recede from the brink at fiich places, 
and keeping the courfe always at a proper level, or it might, 
he fuppofes, be let off at every hollow place by fmall re- 
cefles faced up with ilone, or by wooden fpouts funk up- 
right in the bank at every fuch hollow ; to conduit the 
water from the upper drain to a crofs covered drain below 
the road, by which it may be carried aw'ay at the lower 
fide, without any injury being done to the road. And it is 
advifed, that in the forming and making of thefe, as well as 
all other roads, tlie preventing of any water running on 
them, except ''vhat falls from the clouds, fliould carefully 
be attended to. Where this cannot eafily be done, and 
where it is necefl’ary to allow a flrcam to run along the fide 
of a road, the drams or dlt.ches which, as before obferved, 
ffiould be wnthiiifi do the fences, IhoulJ be made of a proper 
fize accordingly, as the Imall drains filled wdth fand or 
gravel, as already recoimncnded, are only meant for fuch 
roads as can have no extra water coming upon them in this 
way. 

But in refpeil to private roads, the nature and manner of 
laying them out has been already noticed. And in refpe6l 
to the method of forming them, Mr. Marlhall fays, it is 
the lame where llrong cohefive binding materials arc made 
life of, whether in a lane, or acrofs open ground. The 
mode he advifes is 'form a receptacle for fuch hard ma- 
terials, twelve or more inches deep ; either by digging to 
this depth beneath the natural furface, and carrying off the 
excavated foil ; or to half the depth, difpoling of the foil 
raifed in the operation on each fide of the receptacle ; fo 
as to elevate the general furface of the road above that of 
the adjacent ground. And in this receptacle depr>fit the 
materials ; leaving the furface either in a convex or a femi- 
convex form, as the turn of the furface of the ground to 
he travelled over may dired: the margin or margins of 
the road, at which the rain-water is to be colleded, being 
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left a few inches beneath the adjoining fward. But that 
in forming roads of every defeription with fand, loofc 
ravel, or other incohefive abforbent materials, which im- 
ibe the rain-waters that fall on them, a receptacle of that 
kind is altogether improper. Such materials ought to be 
laid on a level or an elevated furface ; and a Ihallow drain 
to be open on either fide, for the abforbent waters to filter 
into ; thus preventing a furcharge, and freeing the furface 
entirely from collcftcd moifturc, which would be highly inju- 
rious to it. And it is here added, that the furface of a road 
which is formed of well-broken Hones, binding gravel, or 
other firmly cohefive materials, and which is much ufed, pre- 
fcntly becomes repellent of the water wliicli falls upon it ; no 
matter as to the bafis on which they are depofited ; pro- 
vided it is found and firm enough to fupport them. And 
that where the fituation is low and the land of amoift reten- 
tive nature, a deep drain on one or on each fide may be 
proper to give due firmnefs and {lability to the bafe. Such 
drain, however, is not to be fwnk clofe along the margin 
oi the hard materials, to deter horfemen and carriage- 
drivers from coming near it, but a few feet dillant from it; 
io that every inch ©f the hard road may be ufed with equsd 
plealurc and fafety, and a commodious driving and walk- 
ing path be formed between the road and the drain ; pro- 
per channels being cut acrofs it, in order that it may be 
kept properly dry. And further that in a dry fituation, 
as acrofs a gravelly or ftony height, little more is frequently 
required than to remove the furface mould, and lay bare the 
rock or the bed oF gravel beneath it ; and then to give the 
indurate bafe a round or a ftielving form, as the lying of 
the ground may require. In this way a travellable road 
may be made, and kept up at one-tenth of the cxpence 
incurred by the ordinary pra&ice in this cafe ; which is to 
gather up the furface foil into a ridge, and on this foft 
fpongy bed to lay coat after coat of lome hard materials, 
fetched perhaps from a diftance ! at much expence for the 
purpofe. 

But in addition to the above forts of roads there are dill 
others, which require fomc art to form and keep tliem ii]» 
in particular fituations ; thefe have the denomination ol 
carriage and horfe-tracks, and are defcrlbed under thefe 
different heads. 

Methods of Repairing Roads • — It is noticed by the author 
of the “ Landed Property of England,’' that tliis is a 
bufinefs that incurs a heavy expcnce on landed property, 
and of courfe requires the peculiar attention of the pro- 
prietors and m:»nagcrs of laud. And in the paper men- 
tioned above it is obferved, that where the funds of the 
parifh will admit, which would generally be a faving, that 
proper perfons fhould be appointed in them, or have the 
charge of a certain extent of road to fee where any part is 
giving way or g<*ning out of order, and to direct their 
immediate repairs. Alfo to take care that no water Hands 
in the hollows or ruts upon them. And, that the fummer 
feafon is the beH not only for making, but for repairing 
roads, nor ouglit they on any account to be touched in 
winter, unlefs to give a temporary aid to fome fudden 
breach that is perhaps almoH impafi'able, or to let off any 
Handing water. Yet nothing is more common than to 
fee a number of labourers employed on the highways in 
winter, when tiie Jays are ftiort, and but a few hours 
labour can be obtained of them. Indeed fo little attention 
is there often paid to repairing the highways, that fome- 
times old infirm people are employed for the purpofe, as if 
repairing roads ware a fort of trifling bye job, merely for 
the employment of paupers, or lame, miferable objeAsy 
v/ho can get no other means of fubfiHence. And Mr. 
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Marftiall thinks, that in this lort of work, the heft fervicc 
of the furveyor is to keep their furfaces fmooth and even ; 
fo that rain-water may find a free and ready paliage to its 
proper drain. Ruts and hollow parts arc to be filled m . 
_'vel, or even with the general furface, as often ay they are 
formed, and perfcftly free from water. This attention is 
more especially rcquifite to a new made road, whofc bed 
and foundation are not yet fully confirmed. But in every 
cafe, and at all times, a folicitous regard is due to this moll 
important, yet moll ncglefted part of road furveying. 
Much expence of materials and labour may thereby be 
faved, and the great end of road-making be fully obtained : 
namely, that of rendering the road in all feafons eafy, fafi*, 
and pleafant to the traveller, as well as eafy in the convey - 
ance of all forts of articles. Befides, he conceives, that 
in this operation, as well as that of making new roads, 
very much depends on breaking the materials evenly. For, 
by doing this, the w'car of the road becomes regular. 
Where the heads of large Hones rife above the general 
furface, they become obllacles to carriages, and Humbling 
blocks to horfes ; befide their tending, by the jolting motion 
which they give to carriages, to indent the furface on either 
fide of them, and thus to incrcafc the roiighnefs, and haHen 
the decay of the road. It is added, that by the law of 
gravitation and the action of wheel-carriages, a pit or hol- 
low place in the furface of a road is made deeper every 
time the wheel of a carriage palfes through it. The peri- 
phery of the wheel aAs as a chifld, and in falling into the 
hollow receives an impetus or acquired force in addition to 
the aflual weight it is loaded with ; and, in addition to this, 
an undue proportion of the general load is, by placing it out 
of its upright poHure, taken from the upper and thrown 
upon the lower wheel. Likewife hard protuberances, be- 
fide being dangerous or difagreeable to travellers, whether 
on horfeback or in carriages, arc injurious to a road, as 
being the caufes of pits and hollow places in its furface. 
Every hard protuberance, as the point of a Hone Handing 
above the general furface of the road, or a l<irge Hone 
lying loofe upon it, is productive of four impreflions : 
namely, two, by tlirowing additional weight upon the op- 
pofite wheels (going both ways), and two more by the im- 
petus or acquired force of the wheels (palling both ways) 
in falling on the furface of the road. He therefore con- 
fiders it to be the firH duty of ilie furveyor, not only to 
fill up the ruts and hollows, from time to time, but to 
pick out or to crulh with a heavy hammer the Hones, 
whofe ty)8 rife above the general furface ; as well as to 
gather off thofe which lie loofe upon the road ; the latter 
being an operation that is readily performed, yet frequently 
negle^led, and in fome places to a lhameful degree, cfpe- 
cially in the northern parts of the ifland. 

And in refpcCl to the fizes moH proper for road-Hones 
it requires much latitude. Not only tlie intended ufe of 
the road, but the nature of the material is to be confidered. 
A road for broad- wheeled carriages of burden, only, may 
be made of larger Hones than one for narrow wheels. And 
hard Hones require to be broken fmallcr than thole which 
more readily wear down, and form a travellable furface. 
For when once the furface of the materials becomes united 
and cemented together, and its rock-like texture cHa- 
blilhed, the Hones that arc cruflicd, and the fmallcr frag- 
ments which are fplintered on, in wear, ferve, he fuppoles, 
to iiicruH and bind together the Hratum of Hones which he 
next, in fuccelTion, beneath : efpecially if proper attention 
be paid to the irregularities of wear, and to bring back the 
furikce, wherever it is requifite, to its oriJ^^inal cvemiefs ot 
convexity where that form is adopted;— fo that it may, in 
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every part, a£t as an arch, and may be able to refill, «i(f. 
the grcatcH firmnefs, the weight with which it mav Iv 
imprelled. It is, however, to be c>brojvecl, that, in forlnin^. 
and repairing roads with Hones of ji/e, a ronlidcrabl.- ..wvr ' 
of the expence antes from the labour of reducing the mat'' 
rials ; and, in conli qnei'ie, the Im.dler tiif'v are broken th * 
greater becomes tlie exjieuee. on ordinary oecafion:, 

is a fenous conlideralion. lleiue, in conllruftiiitr and n- 
pairing common roads, n advilahl.*, lutiead of Veduenig 
the lurface lloiich to tnuill iraginents with tlie hamiuer at a 
great coll, to cover tluiu wiili materials that arc* already 
reduced ; as the rii])billi oi Hone (|iiarrit' ., lofi llone^, or 
gravel, or the feraping., of the road to he repaired. Such 
cementing materials being v\ allied and woiked down b) 
rains, and the aCtion of earriages, aiul the feet of travelliiqi 
animals, among the furface Hones, affiil much in binding 
and fixing them in a firm cruft ; and in making the 
road immediately paftable b\ horlcs and light caniagei; j 
moll particulirly if the whole l)e cornprelled, and united 
together with a lieavy roller (fiiUahle to t]»e purpofe), re- 
peatedly palled over the furface of it. And aiiotiier good 
method of faving cxpence in tliis way, wlure materials are 
readily proeiired, r> tliat t)f placing tlie coarfe unbroken 
Hones or otlic'r hard materials in the liotlom part or bed of 
the road, cov( ni g them over with gravel, or other forts of 
materials tliat are of a fmall kind. However, where the 
liard inatenab are broken down Imall and evenly the roads 
are found to wear tho bell. 

The proper materials for repairing roads are in a great 
mcafnre the fame as thofe whieh an* ufed for the making 
of them in tlie lirll inllance. The w’ritcr of the Agricultural 
Report of Muldlefex tliinks tlie rounded Hony materials ol 
the iiaturr t)i flinl, foinal in gravel pit;, and river boltorhs, arc 
111 every refpedt mure lit for roads than any othtr flinty 
matters. Tlie materials for tbt fupport of great public' 
roads fhould, it is fuppofed, be feledted from among fuel 
Hony fubilances as are tough as well as hard ; for this 
purpofe, hornblende is believed to he particularly lintabk, 
to which may be added wlunllone, bafalts, iron-ore, and all 
fuch floncs as contain iron, as wall as the flag, or the refufe 
of furnaces. The comparative* weight winch Hones ol 
fimilar li/e and figure can liqiport without being broken, 
it is imaginid, the criterion by which to try them for this 
ufe. 

Mr. Beal foil t)iink% that if the above dire£lions were 
Hn£lly attended to, and every appearance of a breach oi 
defedt in a load at xpaired, tlie lame materials, wdji'ii 
dilplac<*d, would very often, if properly relaid, and fit for 
tlie purpulc, repair the part beginning to fail ; whereas, il 
iiegledtcd for lome time, and allowed to get much out of 
repair, it w ill probably require a coiifidcrable additional 
quantity of materials, and thereby occalion a great deal of 
cxpence that might have been faved. He alfo fuggcHs, 
that during the time of hard froll, it may be very proper 
to drive materials, and lay them dowm for the purpofe of 
being at Irand to rejiair the roada when the fcafon permits, 
but fuch a time is tin* moH improper of any for applying 
thofe materials. And that in la)iKg them down it is a 
very general pradice to place them in Imull heaps along the 
fides of tlie road, and even encroaching lomctiincs very 
much upon the fpace allotted for travelling on. This 
ought on iio account to be allowed (unlefa thole maUriaU 
are to oc immediately ufed), for realoiis fo obvious, it is 
unneceflary to mention them. It would be much better to 
have recelleb at certain convenient places, for the purpofe 
of laying the materials in till wanted ; by which means the 
incouwTiiencics attending the common way would be totally 
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Avoided , and travellers might then, without interruption, 
ufe any part of the road they found beft ; and befides, 
there would then be lefs occafion for making the roads fo 
wide as they are generally made, which would undoubtedly 
fave a great deal of money in keeping them in repair, or 
proper condition. 

It is dated, that rolling of roads with a heavy roller, as 
directed above, would be a very beneficial practice in keep- 
ing them in good repair, efpccially if the hard materials, 
that are worked out of place by the wheels of carriages, are 
raked in again previous to the roller palling over them. 
This would be an eafy and expeditious operation, and if 
taken in proper time, would, in many cafes, be all that 
is neceffary to put the road in repair. It is, however, an 
implement that is very feldom made ufe of for this purpofe 
by the overlookers of roads. 

And the ufe of machinery has probably been hitherto too 
little attended to in the execution of this fort of work ; but 
from the increafing price of hand-labour, it certainly at 
prefent demands the lerious notice of the managers of this 
fort of bulim fs. For dragging over roads, when much out 
of repair, in order to replace the Hones or gravel dif- 
turbed by wheel -carriages, a fort of harrow has been in- 
vented by Mr. Harriott of Great Stanbridge, in Efi'ex, 
for which he received a premium from the Society for the 
Encouragement of Arts, See. and of which he gives the fol- 
lowing account. Being appointed furveyor ot the roads at 

Michaelmas, 1786, and finding them very bad, I provided 
a fufficient quantity of ftones and gravel againft; the next 
fiimmer, to cover the roads pretty thick ; but when fo 
done, I found the heavy loads of chalk, gravel, and corn, 
foon turned the ftones out, and made almoll as deep a rut 
or rake as ever. Stubbing the quarters in I found an end- 
Icfs job, us well as a great t?xpence ; I, therefore, contrived 
the road-harrow, and by the help of which 1 have, during 
the lall fummer, at a very trifling expence to the pariih 
(after the ruts were again filled up with ilones), kept 
the roads in extraordinary good condition. A man, a boy, 
and two horfes will do three miles in length in one day, 
completely harrowing down the quarters, and drawing the 
ftones together, which, by moans of the mould-boards, 
are dropped into the ruts, far better than a man can ftub 
them in. Now, if a man was employed to ftub, he could not 
do it for lefs than a penny per rod, of fixteeii feet and a half, 
(the moft common is three halfpence, or two-pence per rod, 
if they ftub the outfidc as well as the infide quarter,) which 
would amount to one pound fix fhillings and eight-pence for 
one mile in length, confoquently to four pounds for three 
miles, which the road- harrow will do in one day ; and for 
which I charge the paiifh for man, boy, and horfes, only 
eight fliillings.’^ And it is further Hated by him, that it 
does the work better, as well as cheaper ; that feveral 
other parifhes are ufmg them, and he thinks the ufe of them 
will loon become general, efpccially where roads arc mended 
with gravel. The head of the harrow is three feet long, 
from outfide to outfidc of the bars. The bars four inches 
fquarc, and the length of them five feet. The mould-boards 
extend eleven indies farther, which is neceffary to draw the 
Ilones ( which the teeth of the harrow work up to the top) 
nearer the middle of the road. The mould-boards are 
four feet two inches long, ten inches deep, and two inches 
thick ; they arc Ihod with a bar of iron, and lined about fix 
inches high with an iron plate. The teeth (which ftiould 
be Heeled at the points) are one foot in length, from the 
under fide of the bars to their paints ; they are one inch 
and a quarter fotiare, and are fixed with ftrong nuts and 
ferews, with collars both on the under and upper fide of 
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the bars. The bars are made to go lengthwife inftead of 
acrofs, to prevent them from fplitting. The harrow is 
drawn by two horfes abreaft, a boy leads the outfide horfc 
on the outer quarter, the other horfe goes on the horfe-path, 
the man fteadying the harrow by the handles. Of courfe 
they take one infide, and one outfide quarter as they go, 
and the other two quarters as they come back. And as mio 
harrow is certified, by feveral people in the parifti where it 
is ufed, to do more work with one man, a boy, and two 
horfes, in one day, and in a much better manner than could 
be eft‘e£led by twenty men in the fame time in the ufual 
way, it muft certainly produce a prodigious faving both of 
time and money, and having been found to anfwer the pur- 
pofe fo extremely w^ell, renders it worthy of attention by 
thofe engaged in this kind of work. 

Mr. Beatfon fiuggefts, that after the ufe ol this harrow, 
the heavy roller, noticed already, would have a very good 
effed, or there might be a roller of a lighter conftruAion 
fafteiied behind the harrow, to roll at the fame time ; al- 
though the heavy roller would certainly make the bell 
work. And likewife that other implements, nearly on the 
fame principle, have been con ft rii died, particularly one of 
which he was Ihewn a model by a gentleman near Cheltcr. 
Its ftiape is in form of an ifofceles triangle, which is laid 
upon the road, and drawn by ftiafts at the bafe. The two 
Tides, by meeting in an angle oppofite the bafe, are fup. 
pofed to draw the loofe materials towards the middle of the 
road. It has two fmall wheels near the bafe or front, and 
one at the angle in the rear, with different contrivances for 
fixing the whole frame higher or lower as required. 

It is alfo fuggctlcd that a machine for the more eafily 
breaking ftones to repair roads in the common way would 
be of very great tile, as at prefent this is a tedious and labo- 
rious tafle. Under the article M Am ink, a very ingenious 
contrivance for removing the mud and dirt from roads lias 
been deferibed. But, although feveral contrivances have 
at different times been propofed for facilitating the repair 
of roads, and Icftening the expcncc, yet that expence, 
Mr. Beatfon fays, is no doubt very great, efpccially in 
thofe places where many heavy-loaded carriage 
tinually pafling. The ruts made by the wheels foon be- 
come fo deep, and the materials of the road are thereby fo 
much torn up, that it is almoft an impoftibility, however 
hard the materials, to keep the road for any confiderable 
time in proper condition, or Hate of repair. It is, there- 
fore, fuggefted, that thefe cffedls ftiould be attempted to be 
remedied by fome means or other, as by a fort of roller fo 
fixed as to prevent the wheels from finking fo as to form 
ruts. 

It is evident that the principles and direftions which have 
been given apply equally to private or parochial roads, which 
in general arc in a worle condition, from their bciiij** com- 
monly worfe managed. The caiifrs of their being in bad 
condition ftiould be attended to and removed, :is much as 
poflible, in the manner, already fuggefted, as it is evident 
that they mull have a great cffedl in promoting improve- 
ments in agriculture, by leffening the expence of labour, and 
facilitating the means of conveyance of different articles. 
The effedls of forrie forts of wheels have been more deftruc- 
tive to roads than others, and of courfe adls of parliament 
have been formed with the view of affording proper regula- 
tions in this refpe^l. See Wiiekl and Waggon. 

In fpeaking of the draft from friflion on the roads, 
Mr, Middleton, after confidenng what happens on thofe 
made with gravel, and on iron railways, concludes, that, on 
gravelled roads, fridlion is not more tnan one- fifth part of the 
entire draft ; the other four-fifths being occafioned by 
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ihe obftacles of dull, fludge, lool’c fand and gravel. Hence 
)t follows, he thinks, that by removing thefc obllrufting 
caufes, and keeping the roads conftantly clean and hard, the 
draft would be fo much lelfened, as to render the prelent 
number of labouring horfes uni-iecellary. It is fuggefted, 
that many of thefe niconveniencies may be got rid o? ; and 
the roads be in the way of getting more dry, clean, and 
hard, by removing the offending matter while in the ilatc of 
dull, when it occupies the Icall poHible fpace, and is in the 
moll favourable condition for being taken away. A fmall 
portion of dull, it is faid, when drenched with rain, becomes 
a large quantity of fludge, in which llato it requires much 
labour to clear it away ; on which account it is very advan- 
tageous to get quit of it before rain falls. This is, it is 
fuppofed, bell effected by means of bufli-harrows wrought 
every windy day. But fome might be taken av/ay alter 
being feraped together by fuitable machinery for the pur- 
pofe. 

It is intimated, tliat the time feems to be approaching, 
when iron mull be made to contribute largely towards the 
public roads. It is thought that iron rails, or bars, may be 
laid along the prefent turnpike roads, in fuch a manner as to 
afford the molt convenient track for all heaMly laden car- 
riages ; and that this may be done without any material in- 
convenience to thofe of lighter weight and iwifter fpeed. 
The great original expence of making fuch roads will, it is 
fuppofed, be fufficiently counterbalanced by their much 
longer duration, and the trouble fully compenfated by the 
fuperior pleafurc of travelling over them. 

On the whole, it is fuppofed, that the keeping of roads 
in the moll pcrfedl repair is an objed of high importance ; 
for that until canals, or inland navigation, became general, 
the fupply of the markets, and the price of every article, 
will be in proportion to the iiatc of the roads over which 
they have to pafs in their way to towns. Bad roads, it is 
faid, require a greater number of horfes to draw any given 
weight along triem, than would be ncccfl'ary for the convey- 
ance of the lame weight over g(^od ones; whicli extra draft 
mull be paid for by iiicrcdfing the price of the article to the 
coiifumer. The fame number of horfes which, alon.g had 
roadsy could only bring a fcanty fupply of the produce of 
the country from a fmall dillance, can, on good roads^ con- 
vey a more abundant fupply, and from greater dillances : 
w'hich is calculated to lower the price of ih - necefliiries of 
life in the metropolis and ot* - r large to wnt, rather tliau 
advance them in the dill ant countier, and ha\f a happy 
tendency towards equalizing the prices between the toxvns 
and the country. 

And the author of the paper alrcaJy noticed, thinks it a 
matter of great confecjucncc to have proper regard to the 
nature of tlie fences on the lides of n)ads, as on thefe the 
goodnefs of them, and the expcncc of upholding them, very 
muck depend. \Vhere the form of the ground and lituation 
will admit of it, the lunk fence from the road, tliat is, with 
the dcepell part towards the field, is by far the belt. A fence 
of this fort, in tlie form of a ditch or drain, may be made 
of any depth without the leail danger or inconvenience, 
which is not the cafe when open to the road ; and the deeper 
it is made, the better effect it will have in keeping drv the 
foundation of the road, if properly conflrudtcd ; nor will the 
road require to be fo wide as ufual, at the fame time there 
will be fully more room to travel on ; for if the fences arc 
of this kind, the whole width of the road may with fafety 
occupied, but when open to the road a confiderable fpace 
fs loft, by the fear or danger of approaching too near them. 
And the fences on the Tides may either be of Itone, fod, or a 
£j'*dgc or paling ; but ought not to be more than eighteen 
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inenes, or two feet above the level of the road (except n 
paling), and the top of them, if broad enough, may, in home 
places, be made to ferve as a foot-path. Neverthelefs, the 
fence towards the field may be fix feet in height, or as higii 
as the purpofe of it requires. The road will thus receive 
the whole benefit of the lun, which is very tflciitial towards 
keeping it dry, as well as the depth of the drains or ditches 
withiniice the field, to which there mull be proper openings 
at certain dillances, as before recommended ; and in winter, 
alter heavy falls of fnow, there will be little chance of a road 
fenced in this manner ever being block(‘d up, for it will be 
obferved, when a liorni of Inow is attended with a high 
wind, tliat the drifted (now lodges chiefly about the fences, 
or where it meets with an obftacle to occalion an eddy ; for 
whtTc high fences are on the lides of roads, they arc almoft 
to a certainty in fuch cafes blocked up, to tlie great incon- 
venience of the whole neighhoiiring country or diftriel in 
which it happens. planting of trees on the Tides of 

roads fliould always ht? avoided as much as poflihle ; hut 
where rows of them arc to be put in, it Ihould never be don<* 
at lefs than ten or twelve lect dillance from the fences, and 
not lefs than forty or fifty feet from each other, being con. 
llanlly lo lituated us not to produce much fliadc on the 
road in the middle of the day. 

RoAf), in Ot nnmcntiil Gardifii/igf that fort of c.irri;ige-way 
which is peculiar to reiidences of the country kind. They 
are of many difterent forts, accoidiiig to the nature, clrciim- 
ftances, and fitiiations of tlie different places. But when 
properly laid out and formed, they have moftly one of 
the eflerts of building, at leafl, in a partial manner, which 
is that of giving force and Ipint to Iceiics ot verdure and 
cultivation. They Ihould be laid out according to the na- 
ture of the lituatious ; their dirc^ions and widths being pro- 
vided by their convenience?, propriety, and utility. The 
methods of making and repairing of them art* miith tin; 
lame as thofe employed for other kinds of roads ; but in llie 
linifliing, their furfaccs fliould be laid over with a liner and 
better coloured material uf the gravel or lorne other fort, 
and they Ihould be kept more perfectly rolled down and level ; 
as the colours of luth fiiiface materials and the margins of 
fuch roads are principally what concerns picturefque effe^l, 
or that which is to be produced by them. In fituations 
wlicre the fcein* is avowedly of the artificial kind, the mar- 
gins of their, according to the author of the work on 

Country Reiidences,** lliould be parallel lo each other, 
and t^^rrcCtly dt lircd ; as in that part of an appr<.ach-road, 
which comes witliin the parapet or fenc(‘ which indoles tJv- 
manfmu, or in thofe roadj which are williiii the bounds ot 
the other more adunn d ]>art:3 ot the ground. But in fitua- 
tioi]'"» where the roads are not in thefe feenes, but ar; 
cither in picturefijue or natural plealure-g rounds, pafturc- 
fieldb, parks, forelLs, dingles, or otirer limilar places, the 
edges lliould be irregular, and more or Ids rough orlmooth, 
blending or ragged, as is feen to take place in roads 
tracks through limilar fcencry m wild nature. Tim excel- 
lent effeds and fuperior advantages which rcfult from tlv* 
adoption of thefi* principles in the fornnttion and conftrudion 
of roads of liiis nature, may often, it is faid, be feen in thofe 
parts of much frequented approach-roads of rdMenees, 
which are not tliought proptv or iiccdlary to be fuhjedled 
to the operation of the paring-iron, and the formal trimming 
of the gardener. And indeed, that one of the moll flriking 
deformities in pidurtfque fcciiery, is that of the formal* 
ft iff', and harfh edges of made roads, as they highly difgud 
the fpe^ator, and prevent the true dledl whicii mould be- 
produced. 

All roads of this fort fhoulJ, therefore, be laid out, and 
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fi)rmcd in fuch a ni^inncr as to harmonilc a?; pcrteclly *is pof- 
Tible with the naturr, circiimftances, fitiiations, anti fcenery 
of the particular places in winch th'^y arc to be had rccourle 

to. See Walk. 

RoaT), Ap{>roarhy that variety of this fort of road 
which 18 peculiar to n fidenccs, rnarifions, or houfes of the 
country kind, and which leads or condiidls to their principal 
or other entrances. In their mariner ox bein^ laid out, they 
Ihould ill their diivi^lions neither be too afFcdedly graceful, 
have too much waving in their appearance, be too much befet 
and intercepted with trees; or be too vulgarly formed in 
the rcdilincal and dired manner, or be too abrupt in their 
nature. There is a certain kind of dignity, propriety, and 
fitnefs requifite in them, which is not eafily deferihed, but 
which, in giv,cn fituations and circiundanccs, readily prefents 
itlelf to the mind of the deligm?r ; and in conlequeiicc of the 
whole of the operations, both of conceiving and dcligniiig 
them, being fo liniple, they are, for the moll p.trt, marked 
out upon the ground with great facility,'— callly impiovcd 
upon, and, in tlieir cxa cution, the wa^rk is merely that of 
road-making. 

The accompanying circurnllances wliicli appertain to 
roads of this nature have been already pointed out in 
fpeaking of them in general, and they ought to be well 
attended to, as mucli of their Leant \ and ellecl anfe from 
them. 

The only proper apprcKich-roads to eafllcs, Mr. Loudon 
fays, have been fujipoled thofe of tlu* avenue kind, but that 
llirre feems no reafon in nature for Inch a rule ; and the 
arguments drawn from antiquity arc wholly infufhciont to 
juUify their conilant introdnCiion in inch cales. However, 
wherever they cxill with good etfee^f, they fliould, it is faid, 
be carefully preferved ; and even, in fome fituations, avenue 
roads to manfions, flraight ])rivatc roads throngli moiUKO- 
rious cultivated countries, or pidoli': roads paliing along 
emincncies, may be created and formed with great advantage 
and effect, as is tlie cafe in many places. Roads of this 
kind Ihould always be fo contrived as to afford tlie bell effei^t, 
and to produce the greatcfl harmony, which the places arc 
capable of admitting. 

Road, Drivfy another delcription of road bcloiigingto 
relideiices of the rural fort, which is chiefly dcfigncd to Ihew'- 
and difplay tlie beauties of the places, or of the iurrounding 
country, or of both at the fame time. 'L’hey are principally 
had rcconrfe to in relidences of the more extenfive and ele- 
gant kind, being moflly contrived without any great difli- 
riilty. The main circnmllance to be attended to ui this 
hufiiiefs, is that of only fltcwing one fort of rural ch iradter 
at one time, but to difplay tlu* whole, in bicceflion, ;u. much 
as poflible. Thtw arc commonly formed, as to th'- rOiid 
part, wdthout much labour or trouble, being often fin. ply 
made by levelling, and the materials np.»n tlie fpot ; they 
may- however, be conllnirted in the lame manner as the 
other roads in fuch fituations. 

The leading, or Itriking chara(^ers <jf the fpot, are here 
to be particularly regarded. 

Road-G/ 7 ^v, a contrivance hm the purpofe of breaking 
road flones, or olher hard materials, by, A ring, or an oyal, 
of iron, of the proper fize for the intended ufe, wdtii a fliort 
handle fixed to it, wdll anlwcr this intention very well. Thefe 
gages are of great ufe in breaking It ones by the load, or in 
other ways, before they are hud upon roads ; and fliould 
always be known to the workmen previous to their under- 
taking the bufmefs. See Road Stones* 

RoAD-///jrrow, an implement of the harrow kind, con- 
trived for the purpofe of forcing in the fides of the ruts. 
One reprefented in the Effex Agricultural Survey levels the 
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ruts and combs very expeditioufly. It was invented by 
Mr. Pattefon, and cofts 5/. See Roads. 

RoAD-ufifoj^, fuch a one as is employed in the teams on 
the road, and which in general performs the moft laborious 
work. Under this defenption comes the greater part of all 
the horfes in conflant ufe, as it includes carriage horfes of 
every kind, roaditers, and hacks. Road-horfes of every 
denomination are, from their conflant hard work, entitled 
to a proportionable degree of care and attention with the 
beft horfes in the kingdom ; and fliould undergo the ufeful 
part of ftable management, that fo much contributes to the 
prefer vat ion of health in horfes of a fuperior defeription. 
Thofe which have inceffant labour, or which travel port, 
mull be fupplied with at Icaft from one to two pecks of corn 
a day. Large and ftrong carriage horfes, in perpetual 
work, n'quirc confiderably more, or they will become apt 
to lole llcih by frequent pcrfpiratioii. Thefe rules, how- 
ever, olFcr only a kind of general flandard. 

\K.owy-Materiiils<f all fuch fubflances as arc employed, or 
made ufe of, in the making and repairing of roads ; as thofe 
of Jlony matters of different kinds and qualities, various 
lorts of gravel, farid, and a variety of t>ther articles. They 
fliould, in every cafe, be reduced as much as poffiblc to tlie 
fame fizes, as the regular wear of roads depends very much 
upon it. Sec Road. 

Road-P/W', an u refill implement of this kind with three 
point It has much rcfemblancc to the common pick-axe, 
only differing From it in having the flat edge-like end oi 
that tool occupied by three llrong tines, about fix inches 
in length, and Handing about fix inches in width from 
the outlide to the outlidc of them. It thus forms a fort 
ol fmall trident, which is borne on the lhauk of llie im- 
plement, and Hands about Fix or eight inclies tnnn the fockel 
and handle. 

It is a very convTiiient tool in linking olF the protu- 
berance*'^, and filling In the ruts of hard roads ; as w’ell as to 
h'vcl and adjuH tlie Furfiice with, in Forming and repairing 
Hone roads. The lingle end is likewiFe capable of being 
employed for letting olF water from fhallow' ruts, or hollow 
])laec'-’, as wall as for many other ufes of the common pii k. 
S‘.*e Pick. 

Koao-/V(///"/j, an iiJtniment of tlie plough kind, in- 
vented and made by the late Mr. LranJ, an ingenious 
blaekfmith, in the county of Eflcx, at Lawford, near Ma- 
ningtree. It is formed all of iron, and reprefented in tin- 
Agrieultiiral Survey of tliat diilncf. Its leiigtli is that (d 
a common plough, with two fmall wdicels, one before anc^ 
the other behnul ; and the coulter jMrl is Hrongly L- 
enred. 

P.oAT>-ivo//fr, a heavy kind of iron roller, formed in tliree 
fepaiMte parts, iifed for rolling dowm the looie materials on 
roads. It drawm by a horie or horfes in flvdls, lomivvhat 
:;s in the commf)n roller. Ste 

Road Scrapiui^ Mj.ch'inc^ a contrivance made for tlie pur- 
pofe of «.l»*anfing road>> from dirt, occ. ''riieie machines ai\ 
couilniCted in feveril diften nt ways, by different mak«rs ; 
but a very ufefnl one may be teen under tlie head Mad ’.ve r 
whieh fi’c. See alfo Road. 

Road- 5 */o«£’J', all kinds of Hones, whether of tlie field, 
quarry, or other forts, tliat are employ jd m the loimini; 
and mending of roads. For lomc ules of this nature, the 
Hones fliould be confiderably reduced, even in conHru6ling 
or repairing ordinary roads. Mr. Marlhall lias fuggcHed, 
that by dropping road-Hones through circular gages of dif- 
ferent fi/es, it will be found that, for repairing fmall 
breaches, thofe which pafs freely through a ring, 2-^ inches 
in diameter, may be confidered as of a middle fize ; and 



ROAD 

that for new forminor or frcfti covering the furface of a 
tc 'd) *ceed 4 inches ; 3^ inches heiug, for 

thefe |ii»rp< Us. t'le I) iddk* fr/c: that 2 inches and 4 inches 
may, as a nat tr of gfinral information, be? fet down aa 
the CKtr.^rr cicb (if fr^e of road-ftoncs of a middle quality, 
for the abc piirpof(*8» See RoAD-Grt^r. 

a perfon who has the care and manage- 
ment of a road, whether in the making or repairing of it. 
All fuel) perfons as are employed in this way (hould be well 
acquainted with the nature of laying out, forming, and 
keeping them in order. Each of the different methods, 
which are in common pradice, ought to be well under- 
ftood, as well as thofe had recourfe to in particular diltrifta 
or places. And, belides, he fhould be well informed with 
regard to every thing of a local nature that has any relation 
(0 them, and be a man of exertion and ingenuity. 

RoAD-7V/iw, any fort of team tliat is employed on the 
road, whether in carts, waggons, or other kinds of car- 
riages. All teams of this nature fhould in general be well 
kept. See Team. 

RoAXi- IVorki all fuch kind of work as is done upon the 
road, either by the labour of men or animals. It is alfo 
fometimes applied to the bufinefs of making and repairing 
of roads. 
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JloAD, in Navi^atwn, denotes a place of anchorage at 
fome diftance from (hore, and ffieltercd from the winds, 
where veflels ufually moor to wait for a wind or tide proper 
to carry them into harbour, or to fet fail. 

When the bottom is clear of rocks, and the hold firm, 
and the place well covered from the wind, the road is faid 
to be good. An open road is one which has but little land 
on any fide. 

The roads within his majefty’s dominions are free to all 
merchant vefTels, either of Ins lubjedls or allies. Captains 
and matters of (hips who are forc('d by ftorms, &c. to cut 
their cables, and leave their anchors in the roads, are obliged 
to fix up marks or buoys, on pain of forfeiture of their 
anchors, &e. 

The mailers of fliips, coming to moor in a road, mutt 
call anchor at fuch a diilance as that the (ahles, &c. may 
)iot mix, on pain of anfwering the damages. When there 
are fevcral vcllVls in the fame road, the outermoll to the 
leawai'd is obliged to keep a light in liis lantern in the 
niglit-timo, to appinfe vcfl'els coming in from fea. See 
PoH r. 

R()\d /tfjucduHy is an arch under a canal, through which 
a road paffes. 

Road a bridge over a canal for the ufe of a road, 

inllead of private iile. See Oc ci y ' 1 ion 
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ROASTING, ‘m Metallurgy aiul Chemical Manufadurcy 
is a proccfs by which the volatile parts of metals and minerals 
are foparatedby the application of heat. The minerals arc 
generally mixed with the fiK*l, and bred in heaps expofed 
to the open air. When the volatile fnbllance is driven off 
with difficulty, the reverberatory furnace is fumetimes em- 
ployed. 

This proccfs is frequently, though improperly, called 
calcining^ fince the latter is confined to the oxydaiion of 
metak In expelling the volatile parts from lime-ftone and 

i jypfum, the procefs is termed burnings and in the latter 
ometimes boiling. The term roafting is principally con- 
fined to iron, and other ores abounding with fulphur and 
arfenic. 

The iron ores of this country are roafted for the purpofe 
of expelling fulphur, water, and carbonic acid. The former 
would probably injure the quality of the iron in fmelting ; 


the latter would contribute to an expenditure of the heat 
of the furnace. The procefs is condufted in the open air, 
by piling the irondtone and fmall coal in alternate ftrata, 
allowing the mafs to burn till the coal is confiimed. The 
iron-ltonc, by this means, becomes of a red colour, and 
lofes much of its weight. In fome iron-works the prucefs 
is performed in kilns, fimilar to thofe employed for burning 
lime-ilone. 

The ore from which zinc is obtained is generally blende, 
which is the fulphuret of that metal. It is expofed to the 
ftrong hea of a reverberatory furnace, by which the lulphur 
is expellee., and the metal ox y dated. 

When the metals or their ox yds are thcmfelves volatile, 
and arc combined with fulpliur, roafting is not prafticable ; 
recourl’e muft then be had to fome otlicr agent, which will 
combine with the fulphur, and feparate the metal itfclf. 
Such is the cafe with cinnabar and arfenic. See the refpedtive 
metals. 
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RocK-5rt//, in Mineralogy and Geology , a natural fait, of 
tlie lame kind as common table fait. This ufeful mineral 
forms large beds and malTcs in many parts of the world, and 
even compofes entire mountains. It occurs in large colum- 
nar or in fpheroidal concretions, and alfo cryftallized in 
cubes. Rock*falt is fubdivided by Werner into two kinds, 
foliated and fibrous. The more common colours of foliated 
rock-falt are, white, grey, reddilh-brown, and red; but 
fometimes it is violet, Iky-blue, and green, and is more 
or lefs tranfparent or pellucid ; it breaks into cubical frajf- 
ments, which have a vitreous luftre : the ftrufturc is indif- 
tinAly foliated. In fibrous rock-falt the fibres are generally 
fmall and curved ; in other refpefts it differs little from the 
former. The tafte of both is like that of common fait. 
The red varieties are coloured by earthy matter and oxvd of 
iron ; the white and tranfparent are extremely pure, being 
compofed almoft entirely of muriatic acid and foda, or, ac- 
cording to Davy, of chlorine and fodium. In the pureft kind 
alfo, tnere is fcarcely any trace of water of cryttallization. 


According to Henry, pure tranfparent rock-falt, calcined 
for half an hour in a low red heat, equal to four or five de- 
grees of Wedgewood's pyrometer, loft abfolutely nothing of 
ns weight, ft is remarkable, alfo, that if free from any 
adventitious moitturc, it may be fuddenly and ftrongly 
heated with fcarcely any of that found called decrepitation, 
which is produced by a fimilar treatment of all the varieties 
of maniilaftured common fait. The fpecific gravity of the 
pureft fpecimens of rock-falt is about 2. 1 70, of the lefs pure 
about 2.130. 

Rock-falt is widely dillributed over the globe ; it appears 
principally in the lower fecondary ftrata. It is mott fre- 
quently accompanied with fulphate of lime or gypfum, and 
by beds of clay impregnated with fait. Befide the beds of 
rock-falt which are known, numerous brine-forings in va- 
rious parts of the world atteft the exiftence of this mineral 
deep under the furface, as it is evident thefe fprings perco- 
late beds of fait, or ftrata impregnated with it. Several brine- 
fprings have recently been difeovered in the deep coal-mines 
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ot Nonhumberlancl and Durham. In the coal-mines near 
Aniby-dc-la-Zouch, in Lciccltcrniirc, there are fprings of 
brine 245 yards below ilu‘ furfacc ; and though thele fprings 
arc in the centre of the ifland, they are 140 yards below the 
level of the fea. How much deeper their fource may be, has 
not been afeertained. 

The mull obvious hypotlKTis refpeding the formation of 
rock-falt is, the one wliich luppofes that it was depofited from 
the fea, or by the delice.ition of fait lakes which formerly 
covered the prefent contiiu'iits. Againit tin's it has been 
objeded, that the coinpuiition of rock-falt is much more 
pure than the contentj oi fca-watcr, which contains a 
quantity both of muriate and liilphatc of magnefia, ful- 
phate of foda, and of fulphute of lime. Rock-falt is 
alfo found at great heiglits above the prefent level of the fea. 
Thefe objedions will, in a confidcrable degree, be invali- 
dated by the conridcr.itioii that whatever impurities there 
may be m fea-watcr, if the procofs of evaporation go on 
very flowly the fait will be crylfallized nearly pure. Of this 
we have an inhaiice in the fpecies of fait made at Lyming- 
ton, iu Ilampfliirc, called fait cat y which is gradually formed 
in the courfe of ten or twelve days, by fpontaneous evapo- 
ration of the liquor which drains from the common fait. 
This fait is fo pure (though evaporated from the moft im- 
pure part, the mother water, or refidue of fea-water), that 
1000 parts contain only 12 of foreign impurities, or little 

more than one per ant. Thus if the deficcation of lakes 

or bafins filled with fall water were very gradual, as it 
mull be, except in the \idnily of lubtorranean fires, the mu- 
riate of foda or rock-falt would be cryllallized before the 
otlicr falls, which being more deliquel’cent might be fepa- 

rated and wafhed away. In this manner the fulphatc of 

lime or gypfum, which exills in fea-water, and accompanies 
rock-falt, may alfo have been depofited, and being nearly in- 
foluble would remain. 

Tiie occurrence of rock-falt deep under the earth, or 
high above the level of the fea, can fcarcely form an objec- 
tion to its formation from lea-w^atcr ; for it is admitted by 
all geologills, and is proved by undoubted fa6fs, that the 
ocean once covered our prefent continents. Now by what- 
ever procefs the dry lantl was raifed above the lea, whether 
by the elevation of the former, or the depreflion of the beds 
of the latter, cxtenfive hollows and clofed vallifs mufl have 
formed lakes of fait wati r, from wliich the fait might be 
depofited by evaporatnni. Some of thele vallies or hollows 
w^ould occur in elevated fit ual ions. With relpedl to the 
beds of rock-falt placed under oilier llrata, however diffi- 
cult it may be to exjilain the formation of the fecondary 
Rrata, the exillcnce of organic remains in them prove that 
each llratum was once the upperinoll part of the globe, and 
the ftrata by which it is covered were depofited upon it in 
lucceffivc and probably at diilant periods. Nor is the diffi- 
culty greater with reljiecl to the llrata covering rock-falt, 
than the llrata covering coal and beds of coal-flialc abound- 
ing in vegetable imprellions. No organic remains have in- 
deed been dilcovered in the A rat a over the rock-falt of 
Cheffiire, but they are commonly met with at greater depths 
over the rock-falt beds in Poland, and in other parts of 
Europe. The occurrence of rock-falt at tlie fidcs or feet 
of extenfive mountainous chains, may perhaps illuftratc its 
formation, as it is probable thefe extenfive chains once 
formed the boundaries of inland leas or lakes, when the re- 
lative level of the ocean and our continents was very dif- 
ferent from the prefent. 

Rock-falt is not mined in any part of our ifland, ex- 
cept Cheffiire, though it was bored through at Droit- 
wich 5 and it exifts, in all probability, in many of the 
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weftern counties through which the red fand-rock extends 
We have proofs of its exiftence from the brinc-l'prings at 
Droitwitch, in Worceftcrffiire, at Lemington in Warwick- 
(hire, and at Affiby Wolds, in I^eiceflcrmire ; and alfo iu 
the counties of Northumberland and Durham, on the eallern 
fide of England. The fprings at Droitw itch furnifli a brine 
as ftrong ab thofe of Cheffiire. A dcl'criptioii of the rock- 
falt of Cheffiire being given as an article of rural economy, 
wc fliall proceed to give a ffiort account of the moll im- 
portant rcpofitories of this ufefu) mineral in other parts ol 
the world. 

Salt is very abundant in Africa ; all the plains and fandy 
defarts are impregnated with fait, and the grrntci part of 
the fprings in thefe defarts are fo faline, that it is not poffi- 
ble to drink the water. To the fouth of Abyflinia, at the 
feet of the raountaiiis which leparate that country from that 
of the Gallas negroes, fait cxiAs v\ dry and folid mafles. 
The fummit of the mountains whicli border the defart to 
the weA of Cairo, prefents an iinmenle plain covered with d 
mafs of f?4lt. According to H{;rncmnn it is fpread over fo 
large a traeV of furface, that no eye can reach its termination 
in one direction ; its bn'adth ck tends A vend miles. I'o the 
w'cll of the defart of Sahara arc the great fait rocks oi 
Tegaza, on the fouth-eaA frontier of the defart of Zuen- 
ziga, a little diAance from Cape F>hnc. They are worked 
by the Moorb. Thefe fait mines furniffi the white and co- 
loured fait, which is carried by cariivai;s tw C’afnah and 
Tombuftoo, to iupply the Negro liates; lor it does not 
appear that there are any fait mine'; 111 Negro land properly 
called. The mines of fall Iprcad in that part of Africa 
which the ancients called Libya, liave been wtH indicated by 
Herodotus, and it is in this connlry that lie has deferibed 
buildings conArudled of rock-falt, like thofe in Caramania 
and Arabia. Other fait mines, acc'ording to Park, are 
found on the loiithern frontier of the great defart .Sahara, 
Their produce is alfo lold to the Negroes on the borders of 
the Niger and the Jolibe. In the kingdom of Tunis, mount 
Had Delfa is entirely compofed of v(Ty compadt fait of a 
red and violet colour. The lake des Marques, and the plains 
near it, alfo contain much fait, "i’licre are mines of rock- 
falt in the country of Bamba, in the kingdom of Congo. 
On all the wellern coaA ol Africa there are lalt lakes and 
marflies. In the ncighbc/urhood ol lhc‘ Cape of Good Hojm-, 
and in Caflraria, rock-talt is ]vU common ; but there arc 
fait lakes to the imA of the Cape, on the frontiers of C.if- 
fraria, which contain at the bottom beds of fait varioully 
coloured. 

Salt lakes exiA in the Cape Verde illands, and natural 
falt-marAies, particularly in BonaViAa. 

Spain is the only country in the fouth of Europe which 
contains extenfive rcpofilorics of rock-fall in confiderable 
maAes above the furface. It is found there in elevated litua- 
tions, forming entire hills : brine-fprings alfo iflue from the 
feet of the mountains which traverfe that country. Ac- 
cording to the defeription of Mr. Bowdes, the repofitory of 
rock-falt wffiich lies between Caparofo and the river Ebro, 
is in a chain of hills which extend from call to well. Thele 
hills are compofed of limc-llonc, mingled with gypfum, the 
chain extending more than two leagues. In the molt ele- 
vated part is fituated the village of Valticrra, on a Hope 
tow’ards the middle of whicli is found a bed of rock-falt. It 
may be about 400 paces long, and 80 wide. The fait is 
contained in a bed of about five feet in thicknefs. 

I examined, lie adds, “ with attention thofe beds of 
fait ; I compared them with the layers of earth and gypfum 
in which it is imbedded ; I found the oulfide layer to be com- 
pofed of gypfum ; and, immediately afterwards, 1 met with 
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two iucUcsof vvlutcfalt, fuocL^cded L\ two iiilIi*:; .v. ilony 
fait and a layer of earth. I found ot hern alt<‘«natoIy com- 
pofed of earth and fait to tlje bottom or the mim*, 

which is of gypfura, iindulaUd lik'^ the other layers. The 
layers of faline rock arc of a diii'ky 'oliic, thofe of ialt are 

^ « This mine is confiderably elevated ahoxelKe h-a, u». y^.i 
afeend continually all tlie way from llayonr.e. 

The fecond hill is that of Cardona, in Catalonia, near the 
mountain of Montferrat, fixtccn leagues to the N.W, ot 
Barcelona, and a few leagues from tlie r\renecs. 

“ The village of Ciirdona is fituated at the f<K>t of a 
rock of fait, which, from the fuics of the ri\er Cardoneie, 
forms nearly mural. This rock is a Mock of mallive fait, 
which rifos from the earth a])ont four or five hundred fen, 
without crevices, chafms, or layers. No gypluin is found 
near it. This block is about a league in circumference ; and 
its cdevatioii is equal to that of the furrounding mountains : 
as its depth is not known, it is impofiible to fay m.i what it 
rclts. 

“ In general, tlie Wt, from the top to the hottoni, is 
white, though lomc parts are red ; fome is alfo found of a 
fme blue. There arc alfo in Spain other repolitorics of rock- 
f.lt and faline fprings. In l.a Mancha, at Ahuengranilla, 
there is a mal's of fait fimilar to that of Cardona ; it is ieveuty 
yards in diameter, mixed with fulphate of lime, and covered 
with the fame aone, inelndiiig eryllals of red quartz ; above 
which are iiliceous puddmg-lloues, and a Ifratuiu ol car- 
bonalh of lime.” 

The mines of roi k-f.ilt that arc wrought at Poz.i, near 
Burgos in Callillc, arc remarkably fituated, being placed 
in a vail crater. A French traveller, M. bcriiandez., 
found pumicc-lluncs, puz/ulana, and otlier volcanic pro- 

diK^.tions there. , 

Rock-lall islikew’ife hiuiKl near Arunjue/ and Ocanna, in 

the tranfition hills between Sierr.i Morena and Madrid. 

On the north iide of tlie Pyrenees no beds of rock-fall 
have been difcovcred, l)Ui numerous bnne-fprmgs occur, par- 
ticularly at Salles : in the depaitment (if the Lower Pyrenees 
the foil is calcareous, .uul lulplnte of lime is louiid in the 

neighbourhood of the fpriiig. , r . . nu i i 

There are ialt-fpring at Salies, to the fouth of 1 houi0uie. 
alfo at Salinsand Montm(.)rat, in the depirtineiit ot tlie Jura ; 
in the lirll of thefc the water contains liflecii prr cenu oi 

There arc about twenty briiie-lprings in the department ot 
LaMeurthe, whicli contain, on the a>crage, thirteen /rr 
rrnt, of fait. Thcfe fprings are at no great ddUnce from 
each other; fome arc at the foot of tlie chan, of Jura, the 
others at the foot of the Vofges : the produit of thefe brine- 
Ipringsfupplies Switzerland with lalt. 1 
ill the department of Mont Blanc, ... the m.dit of the Higher 
Alps. In the fame department, near St. Maurice, there is 
a falt-rock near the region of perpetual Inow, which is pro- 
bably the highefl fituation in Euroiic where this mincrid oc- 
curs. The rock confiils of gypfwm, intermixed or imprep 
nated with fait, whicli is extraded by loluiion m water ; the 
infoluble part remains porous and light. Various bnne- 

Iprintrs alio occur in other parts of I raiicc. r 

Though there are numerous brinc-fpnngs in the north ot 
Germany, no beds of rock-falt appear on the <^urface, until 
wc approach the circle of AuRria and the ««gJbonn..g 
countries. The range of falt-rocks commences at Halle, in 
the Tyrol, paffe® through Reichenthal m Bavaria, and con- 
tinues^to Hallein in Salzburgh, Hallladt, Ifchel, and 
Ebenfel, in Aullria, and terminates at Auffe m Styria. 
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t ill «i xiaiie VNorktd 111 a piT iilur maniU'r ; parallel 
gsulen ‘a drr lun uito ihr rock, in thclc d) kes are foimed, and 
water is let icio tlvin, where it remains from five to twelve 
riiouths. I." M tilt' v\ .4t-. r !■ laUirated, it is drawn off in 
pipe^, .Tud tiiv lolut‘01! i‘. < vapnrati'd. 

OiicompariMg tlie ge(>logkMl lit^iation of the greater part 
of tlie bed' rutk-ialt aini brint -fpringr., it will be fecii 
that they (. ei iir ninlf Ireqni'iitly at tlie foot of high inoim- 
t.unouR chain-. I'Ik* iniiu*?. of rock-lalt in Traiaylvania, 
Upper Huii'^.'i'v, Mtildavn, and Toland, may be cit(.‘d in 
further prool of this. Thele mine”, are unmet ous, and very 
important from tiu ir exlmit, .md tlie vail mailes of fait they 
contain. They are foiiiid along the chain of the Csirpathian 
mountains, anil fpread nia.rly' m an equal degree on each fide 
ot the chain k cuinpanyiiig theie mountains to the extent of 
more than two immlied leagues, from \Vie)ic/ka in Poland, 
toward.s ilu no. tli, to Fokf/.ian or Rymnick in Moldavia, to 
the fonth. 

'file iirip of land that contains tlie falt-rock or brinc- 
fpnngs, is ne.ir forl\ leagues broad in fome parts, in it 
ina\ he reckoned about lixleen mines, tltat are w’orked for 
f.ilt ; forty-three mdieatlons ot mineH that have never been 
wrought ; and four hundred and twarnty, or lour hundred and 
thirty, brine-fprings. 

The moil remarkable of theie commence in the north- 
eali, and extend in a fouthcrly direction, including thofe of 
Wieliczka, Boclmia, and Samher, in Poland ; and fome 
brinc-fpring.b in Biichovina and Moldavia, particularly near 
Ockna. On tlie fouth-wTR of the chain, following the fame 
dire^Ilon, are thole of Sowar, nc'ar Eperies, in Upper Hun- 
gary ; of Marmarofeh, in Hungary; of Decs, Torda, 
Paraid, and ViUckna, near Hermanftadt, in Tranfylvania, 
&c. 

The falt-minea of Wieliczka, near Cracow% and thofe of 
Bothnia, whi<'h appc.ir to be a branch of them, have become 
celebrated from the .iccimnts given of them by almoft every 
traveller who ha. vifited tliat country ; many of their deferip- 
lions are too highlv t ohnired. They are, index'd, very an- 
cient, having been worked ever fince the year 125 * > 
have nothing to diltnqnufh them above others, except the 
extent of the works m the beds of rork-falt, the dimenfionv 
»)f w’hicli flillrcmaii) unknown. 7'he ground that covers the 
rock-ialt is competed, like that over moli other falt-rnincs, of 
litcrnate flrata of (and, pebbles, and marie, iucluding large 
blocks of fait. You go down to thefe mines by fix (liafts, 
of four or five ya-rds in diameter. V’^arious ftruciures luivr 
been formed in t lie body of the fait itfclf. We find there a 
itable, chambers, and chapels, all the parts of which, as 
pillars, altars, and flatiics, arc of fait. The (hafts and gal- 
leries arc pcrfedly dry, io that you are more incommoded by 
dud than dirt. There aic fprings, however, both of fait 
water and of frefti in theie mines. It appears that the air is 
not fo foul in tliem as in moli fait mines ; but the workmen 
do not refide in them, as (ome have adertt'd. In certain parts 
of the mine, hydrogen gas (ometin»cs collects and ex- 
plodes. 

The fait is cut out in little aicending deps. It is formed 
into parallelepipedons, weighing about eighty or a hundred 
pounds, or into cylinders, which are put into caflts. This 
mine produces about fix thouland tons of fait every 
year. 

According to the defeription of Dr. Townfon, the fait in 
the upper mines does not form continuous (Irata, or rocks, 
but exids in immenfe detached blocks or madeo, imbedded in 
marie. He gives the following account of the drata which 
cover the fait. 
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Vegetable foil - - • ** 4 , 

^andy clay - - - - - lO 

Fine fand effervefcing with acids - - 7 

Marie with fand, containing fragments of fand-ftone i8 
Sand-Hone ... - - 2 

Marie mixed with fait, in fmall particles and cubes 40 


At the depth of forty yards in this marie the fait is 
foi >\d. The blocks of this mineral are of fuch a lize, that 
in pairing through the galleries formed in them, fometimes 
th.* upper, and fometimes the lower end only of a block 
may be feen ; but often, though the galleries are three or 
four yards high, the breadth can only be obferved, and 
even in fomc places the blocks of fait form the Tides of the 
gallery for fifteen or twenty yards. Thcfe blocks com- 
pofe the upper bed of Tilt, and from them the whole of 
what is called the green fait is obtained. This fait, 
which IS of a p enifli or hlackilh hue, owes its colour to 
numerous fine p. ichs of a fubllance whicli loems to be of 
the nature of ar d accous fehiftus fcattered through it. This 
variety of fait, on account of its impurity, is retained in the 
country forborne confuniption. In tliis marie, alfb, blocka 
of fand-ilone are fometimes found imbedded, and the marie 
itfelf is llrongly impregnated with fait. Lower down 
there is another bed of fait, called fzybickcr fait, which is in 
fome places two or three yards thick ; it is of a purer 
quality than the former, and is exported to foreign countries. 
This variety of falt-rock is difpofed in very extenfive beds. 
The mine has been driven in one place twelve hundred yards, 
from cafl to welt, and four hundred from north to fouth ; 
fait being Hill found there. The utraoH extent is yet un- 
known. The nature «f the Hratum beneath tlie Izy bicker 
fnlt has not been afeertained ; for the miners, being appre- 
henfivc of incicafing the quantity of water, have never pro- 
ceeded to a great depth in this Hratum. The greateH depth 
of the mine is two luindrcd and forty yards. It does not 
appear that the remains of organized bodies have been found 
in great abundance in the Hrata coiineded with the falt- 
rocks now deferibed. None have been obferved, according 
to Dr, Townfon’s information, in the fzybickcr fait, or the 
lower Hrata ; but fome have been feen in tlie marie which 
envelopes the block of green fait ; fuch as bivalve fliells, at 
the depth of feventy-two yards j crabs' claws, at the depth 
of eiglity yards ; and charred coal, mixed with fait and 
gypfum, at the great deptli of two hundred yards. 

From the circumHance of mafs being formerly celebrated 
in thefe mines two or three times a week, it has been faid 
that the workmen, to the amount of live hundred, live 
conHantly below ground. They do not, however, continue 
longer than their hours of working. To keep the mines 
dry, the fait water is drawn up in leathern facks, and is 
thrown away ; the fmall quantity of frelh water which they 
»aft‘ord is relerved for the ufc of the horfes w'hich arc em- 
ployed in the fubterraneous operations. At the time Mr. 
Tovvnfon vifited them, twenty-four liorfcs were conHantly 
kt pt below ground. 

In the mine of Bochnia the fait prefents itfelf in a Hratum 
Ht once, and not in detached pieces. The Hrata of clay, as 
well as thofe of fait, are undulated, and not of an uniform 
thicknefs. The fait is fometimes brown, at others reddilli, 
and at others tranfparent. The different coloured fait is 
not arranged in parallel layers. The Hrata dip at an 
angle of about forty degrees with the horizon. Dr. Town- 
Con informs us that very beautiful fpecimens of fibrous 
muriate of foda are found in it. 

At Thorda the mafs of fait is divided into horizontal 
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but undulated Hrata. Thefe Hrata are about eight or ten 
inches thick. The loweH arc the molt undulated. 

Near Ockna, in Moldavia, there is a hill of rock-falt, in 
many parts of which the fait appears expofed to view. 

The mines on the fouth-ealt of the Carpathian chain 
appear more numerous, and are difperfed through a greater 
fpace of ground than thofe on the north-ealt. They are in 
general very near the furface. Some of thofe in Tranfyl- 
vania are fo to fuch- a degree, that perfons are appointed to 
cover the fait with turf, when it is wafhed bare by the rain. 
Thefe mall'es, however, are fo thick, that their bottom has 
never been found. They are not worked to the depth of 
more than a hundred and feventy or eighty yards, becaufe 
the extradtion of the fait becomes then too expenlive. In 
the county of Marmarofeh they have been wrought to the 
depth of upward of two hundred yards. Thefe mines cun • 
tain likewife a great deal of peli olnim, and the ground in 
which they arc contained is every where furrowed by rivers. 
The mud interpofed between the water of thefe and the 
fait, is imagined to prevent the fait from being diffolved by 
them. 

At Paraid, in Tranfylvania, there is a valley, the bottom 
and Tides of which arc of pure lalt. Walls of fait appear 
there llxty or feventy yards high. 

The mine of Epenes is three hundred and llxty yards 
deep. 

In the fait mines of Marmarofeh, water has been found 
included in the fubllance of the falt-rock. 

The mines of the fonth-weil of the Carpathian mountains 
are generally wrought by means of Ihalt^. There arc at 
Icall two to each mine ; one for tlie workmen, the otlier 
for drawing up the fait. The fait is cut out in afceuding 
Heps, which produces empty Ipaccs, of a conical form, in the 
mito of the Hrata. The ladders reach perpendicularly to 
the bottom of this conical fpace ; fo that within it tJicy 
Hand pcrfe^ly detached. Thus the greater part of the 
body of fait is extra£lcd, leaving empty fpaces, which are 
conical, and whicli communicate with one auothtr by means 
of galleries. It has been thought, that, in order to leave 
lefs lalt, it would be lietler to give thele fpaces the lliape 
of a parabola. The fait is lo plentiful, that the miners are 
paid only for fuch pieces as weigh upwards of eighty 
pounds, the others being rejeded as ufelels. When the 
workmen are incommoded by water, it is drawn up in 
leathern bags, to be emptied out of the mine. 

The Tranfylvanians and Moldavians extrad fait fixim 
their brine-fprings, by throwing the waiter on wood fires, 
as the Gauls and Germans did in former times. 

No falt-mine, or brinc-fpring, is known either in Sweden, 
or in Norway. 

There arc a great number of botli, and particularly of fait 
lakes, in Rullia. Among thefe is the fait lake of Tor, to- 
wards the northern extremity of Little Tartary. 

There are limilar fait lakes in the Crimea. 

At Balachna, on the banks of the Wolga, are fomc very 
rich brinc-fprings. 

In Ruflia, in Alia, we find the brinc-fprings of Permia, of 
which there are a great number at the foot of the mountains 
of Poyas. 

About eighty verHs from Yena Tayeofka, in the defart 
between the Wolga and the Uralian mountains, there is a 
mine of rock-falt. 

In the government of AHracan, tp the north bf the 
Cafpian fea, in the environs of Orenbiirgh, and in the 
country of the Bafhkirians, fait lakes are very common, 
and the water evaporating during the fummer, the fait 
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appears cryttallized on their furface, and round their borders. 
When this water is highly concentrated, it has a deep red 
colour. The fait formed in them has often the fame hue ; 
and when this is the cafe, it diffufes a very perceptible 
violet fmell. 

One of thefe is the fait lake of Elton, above Aftracan, in 
the re-entering angle formed by the Wolga. The Kal- 
mucks called it the Golden lake, becaiife of its red ap- 
pearance, when the fun fhincs on it. 

The lake of Bogdo, fitiiate near this, yields a perfeftly 
white fait, free from fulphate of magnefia, and preferred to 
that of lake Elton. 

N2ar Attracan, too, is the mine of Iletzki, celebrated for 
the quantity of fait it furniflies. The fait lies at no great 
depth, and reils on a very hard clay. The foil above it is 
fandy, and full of holes, containing water faturated with fait. 

In Siberia there is- a mine of rock -fait on the right bank 
of the Kaptondoi ; and on that of the Kawda arc fourteen 
brine-fprings. Others arc found in the government of Ko- 
livan, and in the environs of Irkutfk, near the lake Baikal, 
in the centre of Afiatic Ruflia. Laftly, the country near the 
Calpiau fen is fo impregnated with muriate of foda, tliat in 
the c’ivirons of Gourie^ the fogs and dew that fettle on 
people’s clojies, and on plants, are faline. Pallas. 

Among the Mongul Tartars, the foil is fo thoroughly 
penetrated with muriate of foda, that the people lixiviate it, 
and evaporate the folution to obtain fait. 

That part of China, which borders on Tartary, contains 
falt-mines, and the ground is Itrongly impregnated with 
ialt. 

Salt is found in the fame manner throughout almolt the 
whole table-land of Great 'Partary, Thibet, Hindoodan, and 
particularly Perfia, where very cxtcnfivc plain.s arc feen 
covered with a faline cfflorcfcencc. The ifle of Onnus, at 
the mouth of the Pcrlian gulf, appears, according to the 
accounts of travellers, to be one large rock of fidt. This 
fubflancc is alfo found in folid malies near Balach, on the 
eaileru fide of Perfia. In the defart of Caramaiiia, accord- 
ing to Chardin, rock-falt is fo abundant, and the atmo- 
fpliere fo dry, that the inhabitants ufe it for building their 
lioufes. It is found in the neighbourhood of Ilpahaii, 
and in the mountains to the north of that city. 

The repofitorics of rock-falt in America are Icfs known. 
According to Ulloa and others, it is found in vatt quan- 
tities ill the elevated defarts ol Peru, at tlie extraordinary 
height of ! 0,000 feet, or more, above the prefent level ot 
the fea. It is extremely hard, forming folid continuous 
»ocks of a dull violet colour. 

The mountain of Xaragua, in the ifland of St. Domingo, 
'iffords fait ; and in the fame ifland there is a very remark- 
able fait lake, about 22 leagues in circumference, t ailed 
Henriquelle. The water, which is inhabited by li/ard,;, 
alligator®, and land-tortoifes, all of a large lize, is deep, 
clear, bitter, fait, and of a difagreeablc fmell. Near inc 
middle of the lake is an ifland, about fix miles king and 
three broad, well llockcd with goats, whence it has the 
name of Cabrito ifland ; and in this ifland is a fpra/g of 
frefh water. 

Salt lakes occur in other of the Weft India iflands- In 
North America, weft of the Alleghany mountain"., in the 
ftate of Kentucky, are numerous repofitorios of rock-lalt 
and brine-fprings ; thefe are called lickst where the elks and 
buffaloes formerly repsyred in herds, to lick the foil impreg- 
nated with rock-falt. On the vveftern fide of the great 
river Miflburi, a chain of mountains extends 80 miles in 
lengtli, and 45 in breadth, and of confiderable height : it 
4:oniifli of pure rock-falt, barely covered with earth, but 
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without any tree or fiirub. Further weft, in California, 
fait is found in a very pure ftate, in large and folid maffes. 

From the preceding account it will be feen that this moft 
ufeful mineral is found in every quarter of the globe j and 
in many parts it exills in mafles of immenfe fize and extent, 
compared with the rock-falt in our own ifland, in the county 
of Chcller. Such, however, is the fiiperior induftry of our 
inhabitants, that the quantity annually exported from that 
county alone greatly exceeds that procured from any other 
diftrid in the known world, being not Icfs than 140,000 
tons, the produce of the (alt-rock and brine-fpring ; while 
the celebrated mines at Wieliczka, in Poland, arc dated to 
yield only about 6000 or 7000 tons. Where rock-falt is 
white or colourlefs, it is immediately applicable to all ufeful 
piirpofes ; but wlicn mixed with earthy matter, it is ren- 
dered pure by the limple procefs of folution in water. The 
liquor is afterwards drawn off into pans, leaving the in- 
foluble part behind ; and the water is then evaporated 
either by the natural warmth of tlie climate, or by fires. 
Sec Salt. 

RofK-*SW/, in Rural Economy^ that fort of foilile, rocky, 
faline material, which is dug out of the bowels of the earth, 
from different depths, in feme parts of this and other coun- 
tries, where it cxifU in layers of different thicknefles. The 
beds of this kind of fait, vvkich are found in the county of 
Cheftcr, arc highly interefting and important to the country, 
whether confidored as affording an article of rnanufadlnre and 
commerce, or as forming a lource of revenue. The dif- 
covery of the beds or flrata of this fort of matter, in this 
diflridt, is, however, of no very remote dale, as will be feeii 
under the head of Rock-aSW/ Pits ; but the layers are pretty 
numerous, and of conliderable extent, diflering greatly in 
their purity, though, in many inllanccs, requiring a greater 
or lefs degree of preparation before the ialt can be ufed. 

It is remarked by the writer of the account of the Agri- 
culture of Chefliire, that, from fome experiments made on 
different fpecimens of rock-falt, it would appear that the 
tranfparent kind of it is an almoll pure muriate of foda, 
wdiich contains no admixture of cither earth or earthy falts ; 
and that tlie colour of the Icfs tranfparent and brown fpeci- 
mens is derived from tlie earth that enters, in greater or lefs 
proportions, into tlu ir compofitions. That on 480 grains 
of tranfparent rock-falt being difiolved in four ounces of 
diililled water, there was, llrll, no precipitate let fall, on the 
addition of carbonate of potafti. Secondly, no alteration 
w'as produced by this folution on blue vegetable juices. 
Thirdly, on tlie nddiliou of a few drops of tindure of galls, 
a fliglii purple tinge was given to the folution ; and after 
Handing fome hours, tliere was a brown fediment at the bot- 
tom of the veffel. Fourthly, on the addition of muriate of 
barytes, there was no precipitate thrown down. From the 
hill of lliefe trials, it is fuppoled that rock-falt has no 
nuiridtc of lime, oriouriale of magnefia, combined with it; 
from the iccoud, that it has no uncombined acid or alkali ; 
from the third, that it contains fome portion of iron ; and 
from the fourth, or laft, that there is no fulphatc of lime 
contained in it. 

And that, on examining different fpecimens of the lefs 
tranfparent, and the brown rock-f?lt, with the fame re- 
agents as in the zihnrve trial?, it was found that thefe con- 
filtcd of muriate of foda, or fea-lalt, in combination with a 
cirtaiw proportion of earth, varying in quantity from one 
to thirty J)er cent . ; alfo, that the earth was wholly the ar- 
gillaceous or common clay ; but that fome of the fpecimens 
contained a few grains of lulphate of lime, in 480 of thofe'of 
the rock-falt. 

The beds of this fait arc now v^ll known to be the prin- 
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cipal caufc of the falt-brinc fprings in this county ; and, in 
conncaion with fomc other circumftances, to have a great 
fharc in caufing the vail difFereiices in their llrength, in dif- 
ferent places. See SALT-^ri/nr Springs » 

This is a ftrong fort of fait, which is found ufeful for a 
variety of domeSit! purpofes, according to the different 
manner in which it is prepared, or the difference in the fr/e 
of the particles or cryftals of which it is compofed, as will 
be more fully (hewn under the head Salt. 

Although rock-falt is found in various parts of the above 
diftri£l, there arc no pits of it wrought at prefent, except 
in the vicinity of Northwich. And part of the inferior 
rock-falt, which is procured there, is, it is faid, ufed at 
fome of the refineries in that neighbourhood ; and a further 
quantity fent down the river Weaver, for the fupply of the 
refineries at Frodfham, in the fame county, and thofe on the 
banks of the Merfev, in Lancafliire. The purer rock-falt, 
or that which is called in general Pruflian rock, is carried 
by the fame conveyance to the port of Liverpool ; whence, 
according to the above writer, it is exported chiefly to Ire- 
land, and the ports of the Baltic. The annual quantity of 
rock-falt font down the firfl of the above rivers is found, on 
the average of the lafl: ten years, to be 51,109 tons. But 
in this, it is obferved, is included what is ufed at the Frodf- 
ham and Lancafhire refineries, which may probably be about 
one-third of the whole. And it is added, that it appears, 
from the report of the committee of the houfe of commons, 
appointed to inquire into the law's rclpefting the fait duties, 
■printed in June 1801, that, 

1017981 ClOyiCzl 

1799 exported •< 33>9i3 Mons of rock-falt. 

iHoo! t.34»9393 

Of this quantity, 

1111798, 16,0951 

1799, 22,374 Mons 

1800, 1 91663 3 

were fent to different ports in Ireland ; the remainder was 
principally exported to Denmark, Ruffia, Sweden, Pruffia, 
and Germany. However, a fmall quantity went to 
Gueriifey, Jerfey, and the Weil Indies. 

This (hews, in a linking manner, the great utility and 
advantage of this article in a manufaduring and trading 
point of view, well as in other ways. 

In regard to the original formation of the beds or llrata 
of rock-falt, in this and other countries, different theories, 
opinions, and conjefturcs, have been formed and propofed ; 
but it is one of thofe geological quellions which is extremely 
embarrafling in its nature, and very difficult in its folution. 
Mr. Holland has, however, in the above work, ingeiiioufly 
Rated feveral fuppofitions on tlie fubie< 5 t, and the objcdlions 
to which they are expofed. It is remarked, that wherever 
rock-falt is met with, fulphate of lime feems to be very 
generally difeovered in mixture witli the earthy llrata above 
5. And the writer of the ‘‘ Memoire lur le Ser Marin,’' 
in the i ith volqme of the Annals of Chemillry, it is adekd, 
informs us, that this is the cafe in Poland, Tranfylvania, 
and Hungary ; alfo, that there is commonly a layer of 
gypfum betwixt the llrata of Hone and the bed of fait. 
This gypfeous layer is of different colours, and is found 
cryffauized, ilriated, and mixed with marine fliells. The 
gypfum above the beds of rock-falt in Chefliire is, in like 
manner, found cryilaliized and ftriated ; but no marine ex- 
uviae, or organic remains, it is obferved, are ever met with 
ui any of the Rrata* Nor docs gypfum accompany it, as is 
ufual in other places, as near Cordova, in Spain, wheri' 
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rock-falt forms a mountain 500 feet in height, and tlirtv- 
miles in circumference, as noticed by Kirwan and Townf- 
hend. Jars, the author of the Voyages Metallurgiques,’’ 
who, it is alferted, has given die moll particular kCcount 
we have of the upper ftratum of rockfalt about Northwich, 
remarks, that “ it appears to have been depofited by layers 
or beds of feveral colours and that “ thefe layers of fait 
are in fuch a pofition, as to lead us to believe that the de- 
pofition of it was made in waves, fimilar to thofe which arc 
formed on the fea-coaft,*' 

This, Mr. Holland fays, coincides with an opinion fug- 
gelled by Mr. Stanley, a friend of his, in regard to the pro- 
bable origin of tl^e beds of rock-falt, now in exillence in thf.A 
dillri^l ; who Hates that rock-falt is there found in feveral 
llrata, one above the other, with intermediate beds of in- 
durated clay, in the vallies of the Weaver, and thofe of the 
other rivers and brooks emptying themfelves into it ; but 
that it has never been found lo near the furface, as to be 
above the level of the fea, or beneath any folid rock. If 
beds of rock-falt are to be confidered as fo many depofits of 
fait from fea-water, wc mull fuppofe the fea, at fome formci 
period, to have occupied the vallies in this county ; and 
that, from time to time, the communications were inter- 
rupted between thefe vallies (then deeper than they are now) 
and the fea. Earthquakes, or accumulations of fand in the 
clluaries of the Mcrfey and the Dee, might, it is contended, 
have caufed the interruptions. Whenever the fea-water in 
the vallies became feparated from the fea, the fait contained 
in it would fubfide, by the natural procefs of evaporation. 
This, it is fuppofed, would the more eafily have taken place, 
if, by any fubterraneous fermentation, the ground below 
the water Ihould have been heated. To account for a 
greater accumulation of lalt than the fea-water filling all the 
lowed parts of the didrift would contain, we mud fuppofe, 
it is faid, that the obdruftion interpofed between the vallies 
and the fea had been repeatedly broken down, and re- 
newed again. Tides, unufually high, might occafionalJy 
overcome the refidance of the accumulated land ; and if the 
intervals between the inundations were only of fltort dura- 
tion, a fubfidcncc of fait might take place, equal to the 
fonnation of the thicked dratum of the rock-falt now ex- 
iding. Long intervals between the inundations would admit 
of an accumulation of clay, and other earthy particles, ovcj 
the fait thus depofited ; and in this manner would be formed 
a new bafis for another llraturn of rock-falt to repofe upon. 
Thus, it is thought, the regukr and adonidiing exidence of 
the fait llrata may be accounted for, without neceli'arily 
fuppofing them coeval with the original formation of the 
earth : but to confirm the theory, it is fuggeded that much 
obfervation and clofe inquiry into the natural hidorv of thr 
county would be required. 

Mr. Holland, however, judly thinks that there are man) 
objeftioiis to the theory which fuppoies the beds of rock* 
fait, in this didrift, to have been formed by depofition from 
the waters of the fea ; fome of which he dates rather for the 
fake of promoting difeuflion and inquiry, than of affording 
any very decided opinion on a matter of fo much doubt, 
uncertainty, and obfeurity. Though on making a per- 
pendicular feftion of the upper bed ot rock-falt, an irregular 
dratification, fuch as noticed by Jars, may, he fays, by 
frequent accurate examination, be obferved, the general 
appearance of the fides of the openings, whence the rock- 
falt is taken, is that of a confufed and irregular red mafs ; 
in which fome portions of fait have a greater, others a lefs, 
proportionate admixture of earth ; v^ile, here and there, 
they may be feen pcrfeftly pure and tranfparent. He, 
therefore, afks, is it likclv that this irregularity and confu* 
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F.on would have cxifled, had the beds of rock-falt in this 
diilridt been formed by the evaporation of fea-water inun- 
dating the land at certain intervals of time, as the above 
theory fuppofes ? On the contrary, fays he, would it not 
be natural to expe£t from rcafonings, a priori^ that the fait, 
thus dcpofited from fea-water, would be ddpofod in layers 
perfechtly regular, and differing from one another merely in 
thickncf^ or a few other circuinllancos of inferior mo- 

n^ent ? r r 1 « VI • / 

Another fad which, it iS fuppoled, invalidates, in iome 
meafiire, the notion that the rock-lalt has been depofued 
from the waters of the fea, is the great difproportion of 
quantity, (hewn by analyfis to cxifl, between the earthy 
jalts contained in the brine of this dillrid, and tliofe held in 
folution by fca-watcr ; the ratio here being as one to ten, 
or the proportion which the earthy fults bear to the peiv 
muriate of foda in fea-watcr is ten times gi eater fh^J^ tliat 
which prevails in the Chefliire brine. i he afeertaining of 
this fad proves, it is fuppofed, that the rock-ialt (from the 
folution of which the brine is formed) is combined with a 
much fmallcr proportion of t^arthy falls than cxifls in fe.i- 
watcr ; a circiimllancc difhcult to be account(‘d for, on tlie 
fiippofiiion that the beds of this fiibllance were birmed b> 
the evaporation of the fea-water, occupying the vallies and 
lowed parts of the land. It mull be noticed, however, as 
worthy of attention, that the earthy falls, intermixed with 
the rock-falt in tlie above diftrid, are the fame whkh are 
held in folution by fea-walcr, being principally miiriated 
magncfia and fulphale of lime. r • • r r i 

Tlierc is, however, a ftill ftrongcr proof, it is uippofcd, 
again ft the notion that the beds ot roek-fall in this county 
arc depofitions from the fea-water, in the circunillance that 
no marine exuviae have ever been difeovered in the llrata. 

it is imagined, would aimed indubitably’^ have been 
the cafe, had the land been covered wnth iea-watcr during a 
period of fufficient length for the depolilion of beds of lalt 
of fudi prodigious thicknefs; and the fad, that no fuch 
e xuviu! do adiially exid, is iappofed in itfelf fiiiucicnt to 
induce a fufpicion that the theory in queliion cannot be 
well founded. Other objedions too, it is obferved, odcr 
themfelves to its validity; fuch as the enormous depth of 
fea-water necedary to the produCt.on of a body of 
forty yards in tlncknefs ; the difficulty, if m)t nnpoffibtlity, 
on filch principles, of accouirmg tor the formaliou of the 
ilngular infulated mountain of rock-falt at Corffijva, in Spurn ; 
with others of a more trivial nature, which vvul readily prt- 

fent themfelves in lliis inquiry. i j , i 

It is, however, at the fame time candidly acknowledged, 
tliaC tlicrc arc many bits and circumltanccs ot o ’; 

iVrvatlon, that confer a llrong dcjrrcc ot phuiribdil> on tV 
opinion, aoainil which it has been contended. Ihc ccr- 
liinty that^the furfacc of the county was at tome foimer 
perio’d much lower than it is at jpretent, and the diminution 
of the lUicknefs of the itrata of rock-falt m ^ 

they recede from the fra, arc circumftances which un- 
doubtedly range themfelves on this hde of J 

and, upon the whole, it is thought, w‘p « 

whethe^thc theory, which regards tl.e beds 

depofits from fea-water, docs not V’'“wn Id 

rxitting appearances, than any other winch has been ad- 

duced on the matter. „ . , 

It is fuppofed that many things, which at firft 
ieaions, mly be obviated by a reference to the f 

the Huttonian theory of the earth, the ' 

, rations of it by profenbr Playfair. However^n tl^ pre- 
iVnt ftatc of our knowledge, any opinion formed o. 
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matter mull, it is imagined, from its very nature, be piirciy 
theoretical. See Rock-sJ^// Pits, 

KocK-Salt PitSf fuch pits, fhafts, mines, or openings, 
as arc dug or made in any other maimer in the ground, 
for the purpofe of getting and raifing rock-falt from them. 
Pits of this fort arc met with in many parts of the county 
of Cheftcr, which are wrought to very confiderable extents, 
and are of great importance to the interefts of the dilirict 
in many different ways, as well as to the nation in general, 
as may be feen under the head Roc K-Sa/t, 

According to the Itatoment of Mr. Holland, in Ins 
Agricultural Survey of the above county, the lirft bed 
and pit of fak-rock was found and wrought in Marbury, 
at a fnndl dillauce from tiie town of Norlhwich, at tb»* 
deplli of about thirty yards from the furfaee, in the year 
1670, wlien b’drchiiig for coal. bed was thirty yard', 

in ihxknefb, and relied upon a llratum or layer of hard 
clay. In (onfeque. -c of this difeover j , other fimihir at- 
tempts were miide ; and on linking ffiafts or pits any where 
in the vicinity of it within the fpace of half a mile, it was 
found to exili at about the fame de])th from the furfaee of 
the earth, wlicn not prevented from hi'ing dug down to by 
briue-fpringn or thofe of common w ater. This continued the 
only place in which it was found until the year 1779, ''’hen 
this fort of rock w.is again met with in fearching for brine 
ill the neigliboiirliood of Lawton, at the depth of about 
forty-two\'ards, but only of tfie tlncknefs of about four 
feet ; there beinir beneatli it a bed of indurated clay ten 
yards in ihicknelh, which in'ing peiiclrated tlirmigh, a fecond 
llratum of rock-falt was dilcovered twi’lve feet in thick- 
nels; and on continuing the linking of the pit, another 
layer of indurated clay, fifteen yards in tlncknefs, was 
palled through; below which appeared a third llratum of 
rock-falt, which was funk into not kfs than twenty-four 
yards ; the luw ell fourteen yards, being the purefl, or the 
leak mixed with other fubltances, were the only parts that 

were WTOUght. 

Until this period, in the neighbourhood of Norlhwich, 
no attemjjts liad, however, been made to fmk pits in order 
to tind a lower llratum of rock-falt; as the one which had 
been firfl met wdth was io thick, and furnifhed fuch an 
abundant fupjily for every demand, there could be no other 
inducement to this than the expectation of meeting wdth a 
ilratmn, at a greater dej)tli, which might contain a Icfs ad- 
mixture of earthy matter-^. It w^ould feem, too, that the 
lear of meeting iNith fprings below, which might impede 
tlie working out of the materials from the pits, and even 
render tins wiiolly imj>ra6tieable, prevented the proprietors 
of them from linking deeper. As, however, no inconveni- 
ence or interr»]ptit)ii of tin's nature had occurred, on fink- 
ing ihrougii different alternate itrata of rock-falt and 
clay at Lawton ; and it h,id been found that there w’as 
a lower llratum of rock-ffilt there, which was more pure 
than thofe nearer the furfaee, the owneri? of one of tlie 
works or pits in tins vicinity were induced, a little timt 
after the trials at Lawton, as in 17S1, to fink deeper 
than had yet been done, and to pafs tlirough the bod 
or body of indurated clay lying uudenicath the rock-falt, 
which had been fo long known and wrought. This 
indurated clayey material was found to be from ten 
to eleven yards in thickiiefs ; and immediately beneath it a 
fecond ilratum of rock-falt was met witli, the upper part 
of which differed little in purity from that of tlie higher 
llratum or layer of rock ; but on penetrating into it to the 
extent of from twenty to twenty-five yards, it was there 
found to be much more purr and free from earthy admix- 



320 

ture* But it continued te have this incrcafed degree of 
purity for four or five yards only ; while, for fourteen yards 
ftill lower, to which depth the pit or (haft was funk, the 
proportion of earthy matter was again as large as in the 
upper part of the uratum. It was therefore, on this ac- 
count, thought ufelefs to fink the pit to any greater depth. 
Many other proprietors of pits, (hafts, or mines, in the 
fame neighbourhood, it is liated, followed the example 
which had been thus fet them ; and penetrated through the 
bed of indurated clay lying beneath the upper ftratum of 
rock-falt. A fecond ftratum of rock-falt was conftantly 
met with below this ; and on pafling down into it, the fame 
order of difpofition as to purity was obferved, as in the 
pit or mine in which it had been firft noticed and examined ; 
and the fame has been found to prevail in all the pits, (hafts, 
works, and mines, wliich have fincc been funk in the fame 
vicinity. 

It is further noticed, that there is great uniformity in 
the ftrata which are palled through in finking pits for 
rock-falt or brine ; and that they very generally confift of 
clay and fuluhate of lime mixed in various proportions ; 
that of the latter fomewhat incrcafing as the pit, (haft, or 
work approaches the rock or brine. The workmen diftin- 
gui(h the clay by the appellation of metal^ givbig ^bc 
name of red, brown, or blue metal, according to its 
colour \ and the fulphate of lime by that of plainer. See 
Quarry. 

The ftrata formed by thefe are, in general, clofe and 
compact ; allowing very little fre(h water to pafs througli 
them. In feme places, however, they are broken and 
porous ; and they admit fo much frefh water into the pit 
or work, that whenever they have been met with, it has 
been ufual to difcontiniie any attempts to pafs through 
them in linking the pits. In thefe places the workmen call 
the metal faggy. It was thought not only imprafticable to 
overcome a water, which vulgar prejudice had magnified 
into a great 11 ream running under ground ; but it was be- 
lieved, even if the finking could be continued below this, 
that the water could not be kept out of the pit, (haft, or 
work, and that it would either weaken the brine fo as to 
deftroy its value, or would find its way into the cavity of 
any rock, pit, or mine which might be found below it. 
Later experience, it is faid, has proved, that thefe ideas 
were not altogether well founded. A few years ago an 
attempt was made in Wilton to pafs through this porous 
ftratum, in order to get to the brine. It was met with 
about twenty-eight yards from the furface ; the thicknefs 
of it was about thirteen feet ; and the quantity of water, 
which was forced through it into the pit or (haft, was three 
hundred and fixty gallons a minute. By means of a fteam- 
engine, the (inkers were enabled to pafs through this water ; 
to fix a gauge or curb a few yards below it, in a ftratum 
of indurated clay ; and thence to bring up a wooden frame, 
fupporting a wall of puddled earth twelve inches thick, by 
which the accefs of the fre(h water into the pit or (haft 
was in a great degree prevented, and an opportunity given 
to pafs down to the brine below. A fhaft was afterwards 
ftinK through this porous ftratum, for the purpofe of ob- 
taining ro^-falt ; which object was, after a (hort time, 
defeated, by the influx of brine into the (haft at the fur- 
face of the upper ftratum of rock-falt ; an accident origin- 
ating in a cauie completely diftin^ from the frefh water in 
the porous ftratum or bed. An exa 6 I feAion of the dif- 
ferent ftrata funk through in reaching the fecond bed of 
rock-falt in the pit at Witton, near Northwich, is given 
by Mr. Holland in the above repott $ and all the ftrata in 
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the neighbourhood of the laft town are fetppofed to have 
nearly a fimihr difpofition. The inclination of them in the 
pit or (haft at the above place was from north-weft to fouth- 
eaft ; and the dip about one yard in nine. The ftratum 
through which the frefh water flowed is fliewn, and the 
level it found, it is faid, was fixteen yards from the furface, 
which, it is remarked, nearly correfponds with that of the 
brook below. The line of fcparation between the lowed 
ftratum of earth, and the firft of rock-falt, is very exactly 
defined ; they are perfectly diftiiift, and do not at all run 
into each other. It is farther noticed, that in carrying a 
horizontal tunnel for one hundred yards along the upper 
ftratum of rock-falt, this was found to be irregular and 
unequal on its furface ; the irregularities in a great meafure 
correfponding with thofe on the furface of the ground 
above. 

The highett bed or body of rock-falt in the pits near 
Northwich is the thickeft in thofe fituated the moll to the 
north-caft, gradually declining in thicknefs towards the 
fouth-weft, lo as to lofe one-lixth of it in the courfe of 
about a mile. It decrejifcs from about thirty yards in thofe 
the fartheft to the north- catt, to about twenty-fivc; in that 
the mod to the fouth-wcll. 

A fingular appearance is remarked to preferit itfelf on 
making a horizontal fct^lion of the ftratum of rock-falt in 
the pits : on the whole of the furface made by fuel) a fec- 
tion, various figures, it is faid, may be obferved, differing 
in form and fize, fome of them being nearly circular, others 
approaching more to an oval form, while in many an irre- 
gular pentagon may be traced. Some of them are not more 
than two or three feet in diameter ; others arc ten or twelve 
feet. The lines which form the boundaries of thefe figures 
are white, and from two to five or fix inches wide. On ex- 
amining thefe appearances, they are found, it is faid, to bt 
owing to the rock-falt, in the white lines forming the divi- 
fions of the figures, being perfectly pure, and free from 
earthy admixture. When combined with the fait, having 
earth in various proportions mixed with it, a general effed 
is produced, it is faid, not very dillantly rcfcmbling mofaic 
work. This difpofition is uniformly obferved, it is faid, 
throughout the whole thicknefs of the ftratum of rock-falt ; 
and that in whatever part of it fuch a fe 6 lion as the above 
18 made, fimilar appearances are met with. To what caufe 
it has been owing that the rock-falt has been depofited in 
this Angular manner, it is thought difficult to conceive. 
The whole ftratum of rock-falt may, it is fuppofed, be 
compared to a mafs of bafaltic columns ; the lines of fepa- 
ration in each pillar being marked by the pure and traiif- 
parent wliite fait. Thefe appearances, it is noticed, afford 
fcvcral grounds for inferences favourable to the theory of 
the earth mentioned under the head rock-falt, to the illuftra- 
tor of it. See KocK-^SaJi. 

It is likewife further obferved, that the divifion betwixt 
tlie lower portion of the upper bed of rock-falt, and the 
indurated clay or ilone beneath it, in pits of this kind, is 
as exaftly denned, as that between the upper portion of it 
and the earth above. That in palfing through this ftone 
fmall veins of rock-falt are met with, here and there run- 
ning in it, in various direftions ; and that wherever there 
has been any little crevice in it, it is found filled up with 
rock-falt, to which the clay and oxyd of iron have given a 
deep red tinge. The thicknefs of this ftratum of ftone 
is (aid to be uniformly found to be from ten to eleven 
yards; and the lower part of it is as diftin& from the 
fecond bed of rock-falt, as its upper part is from the firft : 
alfo that its termination is equally abrupt or fudden. 
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And that the perpendicular feftion of the fecond bed 
of rockTalt varies little from that of the upper bed, till 
it has been penetrated about twenty yards from the furface, 
when it affumes a more ftratified appearance, and is here 
found, as already noticed, to have a much Imaller propor- 
tion of earth combined with the muriate of foda. A fee- 
tion of this ftratum, fimilar to the above, difplays the fame 
figured appearance in the roof of the pit, as that of the 
upper ftratum. 

In the very inftruftive report mentioned above, the writer 
has given a coloured reprefentation of the roofing of a rock- 
fait pit, and another of the part where the lower furface 
of the upper bed of rock-falt joins the inferior clayey or 
other ftrata. Thcfe, as well as other matters in that work, 
arc particularly worthy of the attention of the inquirer on 
this fubjeft. 

But though beds of this fort of material have been occa- 
ftonally met with in 1‘omc other parts of tlie fame diflrift, 
they have not been wrought, principally on account of the 
want of water carriage : as the working of thofe pits at 
Lawton was foon dilcontinued, it is now only from the 
pits in the neighbourhood of the town of Northwich that 
rock-falt is procured. At this time there are ten or twelve 
in number ; at all of which the rock is wrought in the 
lower ftratum or bed only. The pits or fliafts are for the 
molt part fquare, and built or formed with timber; but 
there is one at the dittance of about a mile from the town 
of Northwich, which is of a circular form, and built in 
brick-work. 

In regard to the manner of working the pits or mines, 
there is notliing of any very great iiiterell or moment to be 
noticed. By means of boring and blafting the rocky 
ftratum, and the ufe of wedges with the difierent mechani- 
cal initruments employed in mining, the lalt-rock is fepa- 
rated, fo as to be raifccl in large malTcs, which vary in 
form and purity. However, bef^ore any coiifiderabk cx- 
tcnlion of the workings in the pits, in any particular direc- 
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tion, takes place, care is taken to make fure of a good 
fafe open roofing for the cavity which is to be formed in 
getting out the rock. In doing this the workmen make 
ufe of pointed implements of the common pick kind, work- 
ing the materials out in an horizontal manner, fo as to form 
an excavation in the rock, and making it in as fimple a 
way as poflible, or as the work will admit. In confcquencc, 
however, of its being fituated a few feet above the purer 
part of the ftratum, the rock which is obtained during this 
procefs is commonly of inferior quality, and is, for the 
moft part, made ufe of in the refineries. The depth of the 
workings from the excavations or roofings,, it is remarked, 
depends in a great meafure upon the nature of the ftratum, 
and the proportion of it occupied by the rock of the purer 
quality, or, as it is termed, Pruffian rock. Fifteen or fixteen 
feet may perhaps, however, be taken, it is thought, as the 
average depth of the workings in the pits. The cavity 
thus formed prefents a ftriking appearance ; and when 
illuminated by candles fixed in the rock, the effed, it is 
aflerted, is highly brilliant. In fome of the pits or Ihafts, 
the excavated roofs arc fupported and kept up by pillars 
eight or ten yards fquare, which are in general arranged 
with a degree of irregularity : others are worked out in 
aiflos ; the choice here however feems to be wholly arbitrary, 
depending on the men who are employed in the work. 
Until thcfe few late years, horfe labour was wholly em- 
ployed in railing rock-falt from the pits and ihafts about 
the town of Northwich ; but this method has now, in Some 
meafure, given way to the beft kind of fteam-engme, which 
has been Tubftiliitcd in its ftead, in many of them with very 
groat advantage. In others, however, lK)rfe labour is ftill 
continued to be made ufe of for this purjiofe. The men 
who are employed in working the rock-f.dt pits, have their 
pay by the quantity of the mateiial which they raife, hav- 
ing in general fomewhat Icfs than half \ crown for the ton 
weight, they finding tools and every thing elfe neceffary for 
the work. 




ROLLf in the Mmufadories^ fuin^’tliing wound and 
folded up in a cylindrical form. 

Tew Ihiffs are made in rolls, except laltius, gauzes, and 
crapes, which are apt to break, and take plaits not eafy to 
begot out, if folded otherwife. Ribbands, ho\Never, and 
laces, galloons, and paduas of all kinds, are thus u)llcd« 

The ancients made ail their books up in lorm of rolls, or 
little columns 5 and, in Cicero’s time, the libraries con- 
filled wholly of thofe rolls. The dearnefs of parchment, 
and the cheapnefs of papyrus, of which the rolls were 


made, was the reafon tliat fcarcely any but paper rolls were 
ufed. 

Vofllus fays, they palled fevcral Ihects end to end, wlicn 
filled on one fide, and rolled them up together, beginning 
with the lall, which they called umti/icus, and to which 
they fallcned an ivory or boxen (lick, to fultain the roll. 
To tiie other extremity they palled a piece of parchment, 
to cover and preferve it. 

Thefe rolls were placed in the libraries perpendicularly 
to the horizon. The Jews ftill preferve the ancient ufage 
of rolls for the books they read in the fynagogues* 



Rolling-mill 


K()JAJSCi-Mi//y ill Afttnflun^yy and particularly m the /row 
Alanu/aciurCf is a mill for reducing inaffevS of iron or other 
metals into even parallel bara, or flat tliin plates; this is ef- 
feded by palling the metal, whilll red-hot, between two cy- 
lindrical rollero of iron or Heel, which arc put in motion by 
the power of the mill ; and being fo mounti'd in a llroiig 
metal frame, that they cannot recode from each other, they 
comprefs the njetal which is pallod between tlicin, and re- 
duce it to a thicknefs equal to the fpace between their 
furfdccs. 

It requires a nioR enormous power to put in motion the 
rollers wliich are employed for lanunaiing iron in the large 
way ; and for this renlon, the greatcil number of rolling- 
mills are fituatcd upon the banks of rivers which have the 
advantage of a fiifiicient fall to turn the machinery. Of late 
years, the improvements of lleam-eiigines have been car- 
ried to fuch a high perfedtion, as to put them on a par with 
water, for moft purpofes, and particularly for rolling-mills, aw 
the wafle heat of the furnaces ufed for heating the metal 
may be employed, in part, to raife fteam ftir the engines which 
turn the rollers. 

KolHiig-mills were not very generally ufed in tlie iroiinia- 
uufadure till within thefe fixty yearn. 'I’he old mills which 
vvere fir (I ufed arc extremely riiuple ; two feparate water- 
wheels are placed on the oppofite fiden of the mill, with 
their axles in the fame diredion, but at different heights, fo 
that one vvheel can be conneded with the upper, and the 
other with the low'cr roller ; it tlierefore requires the two 
wheels to have the water delivered at oppofite Tides, to make 
them revolve in ditferent diredioiis, in order that the up- 
per furfacc of the lower roller, and the under furface of the 
upper roller, may move in the fame diredlion, and pafs the 
iron between them. The conil rudion of the rollers generally 
ufed in fuch mills is fliewn at^j. 3, 5> 6, of Plate Iron 

MnnufatUirCy except that the two rollers, F and G, are tln-rc 
{hewn with equal pinions, d and r, fixed upon the ends of 
their pivots, to compel the two to revolve equally together ; 
whereas, in the mills with two feparate wheels, r.o^wovifion 
is made to enfurc the equal tion of the two. The gud- 
geons, or necks, of the lower roller, G, are lupported. in 
bralfes, fitted into ilrong carriages of iron 1'^, E, which 
have holes through their ends, itj receive four lliong iron 
bolts, A A, B B ; thefe Hand perpendicular, and form 
the frame, to retain the rollers at the projier diilance, being 
fitted through the carriages E with lieads below, fo that 
they cannot draw out. Tiie upper ends of the liolts are cut 
with ferews, upon v/hich nuts, ay arc filled ; and thefe 
being turned round by iron handles or wrenches, Icrew down 
the pieces D, D, and advance the rollers nearer together ; or, 

a contrary motion, increafe th(? diflance between them ; 

6) is a ftrong iron bar, extended from one bolt, A, to 
the other, B, and fixed fail ; it fupports an iron plate, form- 
ing a kind of table before the rollers, to guide the iron 
through them. The rollers have fquare heads upon the ends 
of their gudgeons j and upon thefe fquarcs, large caii*iron 
foeker. 01 1)0X1-, as L, are fitted, and thefe, at the other 
end>, aiv fjited upon fiinilar fquarcs on the ends of the 
water- u l:< i*l axis, A little play or looleiiels is admitted 
in all llu’fc fquares, becaufc the upper roller is fet at dif- 
ferent heights, according to the ihicknels of the work 
whicl) i: to be rolled between them : this play is required to 


allow tlie roMers to move freely, when they arc not exactly 
in the line of tfie water-wheel axis: it is to accommodate this 
circumitarice that the principal care is required in confirud- 
iiiga rolling-mill. Qur readers will gain a good idea of tlie 
bed pro])ortii>iis of a mill, with two independent water- 
wheels, from the following directions for building one in 
Noi thumherhuid, which were given b) Mr, iSmeatoii neat 
40 year*, ago. 'Fhe tuo water-wheels are to be undt'r-fhot, 
and of diHcrent li/.e.v, viz. 15 it. 4 in. and 14 ft. 8 in., the 
mean diameter being 15 ft. The breadths in their float- 
hoards are to be three feet each, the finall wheel l)eing laid 
lowertli.in the other b\ (even inches: this, with llic diffcrenceg 
of tlu'ir diameters, will make the centre of the large wheel 
1 1 inches higher than the other. The differenl heights of the 
crowns of tlie falls or hn'alU, down which the water defccMids 
to ad u])on the wheels, and the pofitions of the water-fhut- 
tles, are to he io .idjiided, that the gates or fluiulcs being 
equally drawn up by their darts, the wheels will, as near as 
poflible, revolve in equal times, and with t qiinl power. The 
rings of the water-w heels are to be made of call 11 on, that their 
weight may ad as flies : the ring of the leder wheel is to be 
made fix inches in thicknefs by fix iuche>> deep, while that 
of the larger is to be only five by fix. The greater quantity of 
matter in tlie leder wheel, therefore, will give it nearly the 
fame momentum as the larger wheel. 

The rings of the water-wheels arc each to he formed liy 
eight pieces or fi-llies, the exterior circle of the greater 
wheel being thirteen feet diameter, and that of tlic lefa twelve 
feet four inches : the length of the fellies is to he about 
half an inch fliorter than their true length, in order to admit 
an oak wedge of one inch tliick to be introduced into every 
joint after the rings are fen wed together by the joint •|-dale'' 
of wrouglil iron, wduth unite tlu* fellies, 'fliefc plates arc 
to lay upon the pl.iiri furfacc of the felly, and not to be let 
m as the c<nnrnou wood«‘n rings of water-whet Is, in ordci 
tliat the oak wedges may completely fill the joints at the 
ends of the fellies. The wheels are to have wooden arm% 
and It mufi hi* obferved, that the mortifes through each of the 
iron fellies, for receiving the ends of the arms of tlic wheels, 
are to- he aboiil two inches and a half in width, and that 
they are to he a little dove-tailed, in their length only, fo 
that the mortifes being longer on the outfide of tlie ring, aial 
the wood tif the arm being fpread into them with wedges, 
w’ill produce firm tics to the centre ; but as a farther fecunt) . 
pms ar<- to be put in after the wedging is completed. The 
mortifes in tiie rings for the Harts, wliich fupport the 
float -boards, are to be four inches by tw'O, without dove- 
tailing, or rather they flioiild be larger outfide than infidc. 
The bread or float -b(»aids will fix by nails into the jointii 
and arms, where they fall ; but that the bread -boards for 
the intermediate float ^ may alfo have a (aliening, holes oi 
about one inch diameter, and about four inches deep, mud 
be cad in the ring, at the places for every oilier float ; 
thefe holes, being Idled up with pieces of oak, will afford 
places to drive the nails for fecuring the boards. The 
axles of the water-wheel are to be of call-iron, with flaunclies* 
to ferew the arms of the wheel againft. The total length of 
each axis is to be ieven feet one inch, and the diameter 
throughout the axis is to be a circle of nine inches. The 
manner of fixing the arms upon Aaunches is to be found tii 
Plate XXXIV. Mechanics^ in our article Mill* 
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The braflVs upon which the necks of the water-wheel neither will need to comply or vacillate more than half atf 
axles are fupported, arc intended to be let into cail-iron inch. The roll being now of a juft diameter to anfwer the dif- 
ftocks, which are again fupported upon wooden bed-planksj ferent heights of the axis, let the lower roll be raifed to its 
and thofe upon the cap -Hones of the walls, which (under juft height, and then both the rolls will work true till they 
thefe at Icaft) arc fuppofed to reach all acrofs the thicknefs are furtlier reduced ; but when they become reduced to ten 
of the walls, thofe necks being firft truly and fmoothly inches and a half diameter, the upper roll will become half 
turned ; at each end, beyond the neck, is formed an aftragal an inch too low ; then raife the under roll half an inch 
or moulding, to keep the wheel in its place from moving above the line, and the up^ier roll will then be truly in the 
endways. The ends of the axis arc terminated by an in- line ; fo that when the upper roll is come down to be half 
dented head, ftiapcd fomewliat like a fquare citadel in for- an inch below the line, the rolls will be reduced to ten 
tification, and an iron box is fitted upon this to commu- inches ; then raifing the under roll a quarter of an inch 
nicate the motion to the rollers, the furface lines of the more, it will be three quarters above the line, and the 
indented head being formed a little rounding, that the box upper roll will be a quarter of an inch under the line ; and 
may not only be certain of taking its bearing in the middle, when it comes down to three quarters below the line, the 
but likewife be capable of complying with the motion of rolls will be reduced to nine inches and a half ; therefore, 
the rollers : and in order to give ftill more liberty, the end laftly, raife the under roll another quarter, fo as to be an 
of the box which is fartheft from the water-wheel, is inqh above the line, and the upper roll will be reduced 
formed into a fquare of eight inches, which is again fur- to half an inch below it, fo that when it is come down 
rounded by another box, wYiofe external furface is round, to an inch below it, the rolls will be reduced to nine inches. 
This box is formed at the end of a round fpindle or axis In this way the departure of the rolls from a right line 
three feet long, and terminated at the other end with a will never become more than half an inch, while they are 
fquare of eight inches, which enters one end of a fquare reducing from twelve to ten inches ; nor more than three 
box, and at its other end receives the fquare of the roller, quarters, while they are reducing from ten to nine and a 
fuppofed to be of fix inches, but may be of any other half inches ; at the worft they wdl be no more than an inch, 
fixe which is thought ncccflary. It is to be noted, that vvhde they are reducing from nine and a half to nine inches, 

all the fquares are to be made larger than thofe of the The greateft inequality is purpofely made at this place, both 

rollers, in order that they may wear longer; and all the in- becaufc the purchafeof tl e wheels is then greateft and moft 
fertions are to be Icfs than thofe at the end of the water- able to overcome an addition of friction, and becaufe the 
wheel axles, that the axis may not be rendered ufelefs by time that they will continue in this Hate is the leaft. If 
the wear or failure of the citadel heads whicli arc intro- the axles are placed at ten and a half inches diftance in- 
duced, as they are expedled to laft many years ; and if any Head of eleven, the vacillation each way will never cx- 
thing (hould happen to them, the axes are made alike on ceed three quarters of an inch ; nor more than one inch to 

both fides of the water-wheels, that they may cliange reduce tlie rolls to eight and a half diameter, 

ends ; therefore, there is nothing of confequence likely to fail The railing of the under roll is not to be done by raifing 
by wear or breakage, except the fmaller intermediate w ork the whole of the bed of the roller-frame ; this is to be fet 
between the axis and the rolls which is eafily replaced, originally half an inch lower than the true line ; and when 
Holes are to be made through the boxes and joint parts the lower roll requires railing, it is to be effedied by putting 
for iron bolts to pafs through rather loofcly, fo as to pre- iron plates under the carriages of the lower roll gudgeons, 
vent the boxes and fquares Icparating, but not to confine fo that they will Hand as much higher than before, and not 
the joints from yielding to the motion of the rolls. The to make the feveral rifes by additional plates, but to have 
water-wheels are fiippofed to be clofely adapted to their plates of the different gages, fo tliat each will lay in one 
conduits, and their axes to remain immoveable as to height, folid piece. 

at the difference of eleven inches in level, while the rolls Mills, on this conilrudlion, arc ftill ufed in many iron- 
are fuppofed to vary in their diameter from twxlve inches works for rolling coarfe iron bars, but are unfit for any 
to nine. This wdll be allowed for, by the diftance that the better purpofe, from the difficulty of adjufting the tw^o 
fquares upon the colls are from the end of the axis ; for water-wheels to an equal velocity ; and if one roller moves 
though the houfe is fuppofed no more than ten feet wide quicker than the other, the metal becomes more extended 
between the walls, the diftance between the middle of the that fide than upon the other, and is thus rendered 
citadel heads at the end of the water-wheel axis, and th ivex. Another defedl is, the want of proper fly-wheels 

middle of the fquares of the rolls rcfpeAively, is upwards of to regulate the mill ; for the caft-iron rims to the water- 
four feet ; and in that length no lefs than four joints arc in- wheels by no means anfwcrs the purpofe of fly-wheels, 
troduoed, every one of which complj^ing a little, a fmall unlefs they are made to revolve fo quickly tliat the water 
difference in the height of the roll will produce no fcnfible lofes much of its effed upon the floats. Fly-wdieels are, 
difference in the communication of the motion from that perhaps, more ufeful for rolling than in any other kind of 
of a right line ; all the joints being kept oiled orgreafed, which mills, becaufe the refiftance to be overcome is fo variable ; 
will beiK)t Icfs proper on that account than to keep the parts being at one moment very great for a large piece of iron, 
from wearing. In order to preferve the dirediions as near as then fmaller whilft it is paffed through a fecond time, be- 
poffible to a right line, Mr. Smeaton propofes that the lower caufe the iron is to be lefs reduced ; and in the interval of re- 
roll (hall be placed originally half an inch below the centre of turning the iron, to put it through again, there is no other 
the axis which turns it : fuppofe the rolls were firft made of refiftance than that of the friftion of the machinery. Again, 
twelve inches diameter, while the difference of the height of when the iron lias been paffed through feveral times, tlie 
the axis is only eleven, the upper roll will be juft half an refiftance is greateft of all, becaufe the metal has become 
inch too high, fo that the compliance in each will be equal, harder, both by the comprelfion it has undergone, and from 
and no more than half an inch in four feet length. Thus being gradually cooled ; alfo, the metal, being thinner, 
it appears, that when the rolls are reduced by wearing from will not yield fo readily to the preffure, as when in a larger 
twelve inches to eleven each, then the upper roll as well as mafs. By the proper addition of a heavy fly-wheel, great 
the lower will be half an inch too low for its axis ; Hill advantages, in point of power, are gained, as it tends to 
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ijqualize all thefe irregularities ; and in every interval, when 
the refiftance is removed, the water-wheel gives a rapid 
motion to the fly, the force of which will be returned when 
the work is applied : in fuch a mill, if the workmen have an 
extraordinary large piece of metal to roll, they fuller the 
mill to work for a few feconds without any rcfiiiance, then 
putting in the iron, it is carried through at once by the 
momentum of the iiy, though requiring a power far beyond 
the ordinary force of the water-wheel. The mod approved 
method of applying a fly-wheel to a rolling-mill, is to have 
a large cog-wheel upon the axis of the water-wheel, to 
give motion to a pinion, upon the axis of which a heavy 
iron fly-wheel is fixed : the wheel and pinion are of fuch a 
fize as to make the fly revolve about three times to one of 
the water-wheel ; at the oppolite fide of the great cog- 
wheel anotlier pinion, of about half its fize, is placed, and 
to the extremity of its axis produced, the rollers are con- 
nedled, the two rollers being made to turn together by 
means of pinions upon the ends of their gudgeons, in the 
manner Ihcwn at d Jig, 6. Plate V, If more than one 
pair of rollers is to be worked, a cog-wheel is fixed upon 
the axis which turns the rollers, and works aHothcr equal 
wheel upon the axis of the lecond pair, placed parallel to the 
former ; in tins cale the lengths of the two axes mull be 
dift'erent, fo that the lines in which the bars wdll come 
through the different rollers, will iu)t interfere with each 
other, but leave fufficient room between for the men to 
W'ork. In moil common mills, rollers, fuch as are repre- 
fented at Jigs, 3, 5, 6, of Plate V. are employed; but to 
thefe there are fome object ion s ; firll, the four nuts ay 
cannot all be turned at once with luch precifiori as to bring 
the upper roller cxa<5lly parallel to the other ; the means 
the workmen ufe for this, is to have a fmall iron WTeiich, or 
handle, fitted upon two of the nuts, a, a, and thefe they 
turn round a fmall quantity every time the metal has 
palled through, in the interval wdiiHl it is returned to be put 
through again. The workman who Hands in front to in- 
troduce the metal between the rollers, turns the nut on his 
left-hand fide which is iiearell to liim ; whilil his comrade, 
who receives the metal, and hands it back again W him over 
the roller, turns the nut on the oppofite corner of the frame : 
by this means, as only two, inftead of four, of the nuts 
are turned, the pieces D are conllantly pul out of the hori- 
zontal politioii, in which alone they c an take a proper bear- 
ing ; alfo, in thefe frames there is no fupjiort for the weight 
of the upper roll ; but when ihere is no metal beneath it, it 
falls down, and rellfi upon the other ; when the mclal is 
fiiddenly introduced, it lifts the roll up to its bearing with 
a jerk, which endangers the breaking of fome of the parts, 
and generally caufes the nuts to Hurt a little before they 
fettle themfelvcs to the flraiii. In the modern mills, the 
frames for the rollers are made of call-iron, as ftiewn at 
Jgs. 1 and 2. Plate V. The checks, A, arc caft in one piece, 
and form a bed for the reception of the brafs of the lower 
roller H ; a piece, C, is fitted upon the top of the call-iron 
checks, and is held down by two Itrong wrought -iron bolls, 
with nuts, by to ferew” it down, and regulate the diilance 
between the two rollers, the gudgeon of the upper roller, G, 
being confined by a brafs let into the piece C, but to bear 
it up from falling : when there is no iron between the two 
rollers, another brafs is placed beneath the gudgeon, G, and 
fafpeDded by bolts, dy dy from the piece C ; by this means 
the two rollers are retained always at a proper diltance 
afunder. The two flandards A, 2, at the oppofite 

ends of the rollers, have broad feet at bottom, by means of 
which they are bolted down to maflive ground-fills, which 
extend all -acrofs the inill-houfe- The rollers £ and F are 
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caufed to move together equablv by means of pinions ay i$ 
which, that they may work well, are made with accurate 
teeth, of not more than 1^ or 2 inches pitch, or diftance 
afunder ; and, to give the requifite flrength, they are made 
of confiderable breadth, as the figure fhews. Two large 
flat iron plates, I and K, are ferewed to the two flandards, 
both to iirenglhcn them, and to form a table, upon which 
the maffes to be rolled are laid to be prefented to the 
rollers, and having pafled through, are received on that at 
the oppofite fide. 

The rollers (hewn in Jigs, 1 and 2, have a number of 
grooves in them, w'hich being oppofite to each other, leave 
openings of a determinate figure for the purpofe of rolling 
fquarc bars, with the angles upwards ; they do not there- 
fore require to be adjulledin diftance, as other plain rollers 
do, but are always, after the firll eredion, retained at the 
fame diftance ; in this cafe the pinions a and b ferve very 
well to conned the motions of two rollers together ; but 
when the rollers are required to be adjufted during the work- 
ing, as in the Plate Rollers y Jig, 6, the pinions mull nc- 
ceflarily have very coarlc and long cogs, that they may not 
he fo much affeded by increafing or diminifhing the diltance 
between their centres ; in this cafe they work very indif- 
ferently, and frequently break by the awkward manner in 
which fuch coarfe teeth always meet each other when upon 
wheels or pinions of fmall radius, particularly w'hcn the 
proper diftance between their centres is not preferved. As 
a partial remedy for this difficulty, the pinions are, in fome 
mills, made very broad, w itli fine teeth, and mounfed in a 
feparate frame, exadly fimilar, except in its flrength, to 
that of the rollers ; this is placed at a diftance of three or 
four feet from the rollers ; then a coupling, or fhort fhaft, 
being interpofed between the fquares at the ends of the axis 
of the pinions, and ihofe of the rollers, they permit the 
latter to be adjufted without difturbing the pinions ; and 
the length of the (hafts will accommodate for the differences 
between them. 

In Plate IV. of Iron M arnfa^urcy we have given three 
figures of a very capital rolling-mill in Meft’ra. Walker’s 
extenfive iron-works at Rotherham, in Yorkftiirc, where 
they have fcveral mills worked by the fame river. The one 
in queftion is employed in reducing iron to fmall rods for 
nail-making, by firft rolling the pieces to flat bars, and 
then paffiiig them through a pair of flitting rollers, which di- 
vides each into fcveral fmall fquarc rods ; it is, therefore, much 
fmallcr in its dimenfions than the great mills ufed for rolling 
thick iron plate ; but wc have feledled it on account of the 
arrangement of its wheels, which renders it fiiperior to the 
mills in common ufe, as it works without the -pinions of 
which wc have fpoken. A A, in the plan, {Jig* 1.) is the 
water-wheel, 17 feet diametcT, and five feet fix inches broad : 
it is of the under-fliot or rather breall-kind, tlic water being 
delivered below tlie centre, but confined to a£l upon the 
wheel by a breall of mafoiiry, curved to correfpond with 
the wheel very exactly. '^Die pivots or gudgeonn, /i, of ita 
axis reft on bearings, fiipported by the walls N. At one 
end of the axis a clutch-piece, M, is fixed, to give motion 
to a fecond axis ky which, being in the fame line as that of 
the water-wheel, maybe coufidered as a continuation thereof. 

It is carried under the floor of the mill. It has two large 
cog-wliecls, one marked by and another of the fame dimcn- 
fious at the oppofite end, w hich is only feen in fig, 2, as it 
is concealed beneath the w heel f, which it turns* 

The firll of thefe wheels, by gives motion to two wheels, 
a and Cy which are on the axes I and H, and give motion 
to the lower of each of the two pair of rollers, fituatcd in 
the frames at E F and C D. This wheel- work is fhewn in 
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fig, 3. The wheel at the other end of the (haft, i, (fee 
"fg, i.) turns the wheel /, fituated diredly above it ; and 
this gives motion to two wheels, e and of the fame di- 
meiifjons as a and c. Their axles, L and K, are conneded 
with the upper of each pair of the rollers. By the intro- 
dudion of the wheel the fmall wheels, e and are made 
to revolve in a contrary dindion to the wheels a and c ; and, 
at the fame time, the centres of the former are raifed a fuf- 
ficient height above the latter, to allow for the difference in 
height of the centres of tlie upper and lower rollers of each 
pair. The coupling-boxes, 1 . K and which unite the 
axles of the wheels to tlieir refpedlive rollers, have fuflicient 
play in the joints to allow for that fmall deviation which 
takes place in feparating the rollers, to adpiff them to dif- 
ferent thickneffes of the metal they are intended to roll ; 
though tliefe (hanks Ihould be reprefented longer than the 
limits of our plate have allo>veci, the fpace between the 
frames for the wheels being in reality eight feet, inflead 
of five feet nine inches, as given in the drawing. 

By this arrangement of the wheels of the mill, the con- 
trary motions of the two rollers are communicated from the 
fame water-wheel, without the intervention of fmall pinions, 
which, ill works requiring fuch heavy llrains as that of roll- 
ing iron, always work with difficulty and enormous fridion ; 
fo that they break and wear out conftantly, making great 
interruptions to the work. In the prefent inftance, the 
wheels are all of confiderable frze, and, therefore, tranfmit 
the power more equably, at the fame time that they give 
the two rollers precifely the fame velocity, which is a cir- 
cumllunee of forue importance in making good rolling for 
plates or bars, which will be irregular, it one roller turns 
fatter than the other, in confequence of one fide of the metal 
being more expanded. The framing of the mill {Plate IV.) 
13 very clearly cxprelled by the drawing. The axles H 
and I, of the wheels a and arc fupported in bearings, 
ferewed down to iron frames, which are fecurely fixed to 
the folid mafonry. On the other fide, the iron frame, O O, 
is eroded to fupport the axles of the wlieel L K, and alfo 
that of the wheel J\ as (hewn in Jig, 2, The main axis /*, 
and the wheels upon it, are carried under ground, and flip- 
ported on the walls, as fliewii by the plan. The roller- 
frames, CD and EF, i*) are fixed down upon 
ftrorig beams, extended acrofs from the frame, O, to the 
frame on the oppofite fide. The pofition of one of tliefc 
beams is (hewn by dotted lines on the right-hand fide, in 
Jig, X. The rollers, C, D, arc cxadly the fame as (hewn 
in Plate V. Jigs. 3, 5, and 6, except that the pinions, d 
and e, are omitted, being unnecefTary, from the arrange- 
ment of the wheels, which wc have defenbed. The other 
rollers at E F are made on a very different conttrudion, 
and arc called flitters, becaufe they flit or cut up a bar of 
iron into fcveral fmall Iquare bars, of a lizc proper for nail- 
makers, or to form hoops for barrels. Thefe flitters con- 
fitt of two Itrong axles, mounted in a fimilar frame to the 
other rollers ; but inttead of carrying plain cylindrical 
rollers, they have rollers compofed of llcel rims or edges, 
of the fame breadth as the rods they are to flit, and leaving 
between them deep grooves. The two flitters, or cutters, 
are lo placed in tlieir frame, that the rims of one roller will 
enter into the grooves between the rims of the other. This 
will be underliood by an examination of Jig, 4. Plate V. ; 
though the rollers there (hewn arc for a totally different 
piirpofc, ttill the manner in which the rings of one roller 
enter the grooves of the other is the fame as the flitters : but 
the proportion of breadth is different, the flitters being made 
with grooves of half an inch, three quarters, or one inch 
wide, and many intermediate fizes, correfpoiiding to the 
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rods to be cut ; and they arc not made from a folid roller, 
but are formed of f«*parate circular plates of tteel of the juft 
tliicknefs, fitted fide by fide upon the axis, with circular 
iron plates of equal thicknefs between them, which form the 
fpaces ; and being of a Icfs diameter than the tteel plates, 
or cutters, they leave deep grooves between the edges. A 
number of crooked guide-bars are extended acrofs the frame, 
and pafs through the grooves, between the cutters; but 
lying at the very bottom of the grooves, and not being very 
thick, they do not (ill up the grooves, the circles of the 
cutters projeding through thefe bars, which appear like a 
grate, and one is applied to eacli roller. ThoU* which arc 
called the guides of the flitters are intended to prevent the 
iron adhering in the grooves between the rims, or cutters, 
when preffed down into them ; for the attion of the flitters is 
to divide the iron which is paffed through them into fepa- 
ratc pieces, by the rim of one roller (for inttance, the lower) 
forcing one piece of the bar down into the groove of the 
lower roller, whillt the adjacent part is forced up, by the 
rim of the lower roller, into the gnjove of the upper : the' 
bar is thus divided into as many rods as there are grooves in 
the width which it covers, angle at which the circles 

of the cutters iiitcrfedt each otiier, is that in which the 
edges of a pair of (hears arc found the mott fiivourablc for 
cutting; and the flitters cut upon the fame principle, but 
with levcral edges at the fame lime. 

A rolling-mill generall) tontains a pair of fliears, of a fuf- 
ficient ttrength to clip off the ends of the largell iron bars, 
to reduce them to lengths or pieces of a (ufficient lize 
for laminating into iliin plates. Thefe arc made different 
from other kinds of (hears, in the circumftance that the cut- 
ting parts, or edges, are fltuated between the centre pin or 
joint, and the part or handh* wliere the power is applied : 
the latter is of great ttrength, and made exceeding ftrong 
in iron. The fliears are li/.ed in ? vertical pofition, the 
upper blade being (irmly fixed by the framing, and the lower 
one, which is the long lever, is lifted up by the null when 
the cut is to be made ; therefore it defeends when the 
(hears are to open, and its own weight is fufficient for that 
purpofe. The frame conlills of a very large and thick iron 
plate, which is fecuroly bolted down to the foundations ; at 
one end is an upright, which has a groove through it, to re- 
ceive the moving blade, and guide it ; alfo the end of tlie 
handle of the ftationary or upper blade is fupported by the 
upper end of this upright. I'he joint-pin of the two blades 
is fupported in a llroiig focket, or iron frame, alio erefted 
from the fame large plate, which carries the upright guide 
at its other end. The two blades, therefore, lie fick; by 
fide, and having cutters, or blades, of tteel, let into the ad- 
jacent fides of the iron levers or blades, the edges of thefe 
pa(b by each oihir when the cut is made, and will thus 
cut any thing which is interpofed between them, in the fame 
manner as (hears or feiffars ; and in this circumltance is their 
only rcfemblance to thofe inttruments. The lower or mov- 
ing blade, which is a long lever, retts at the extremity, 
upon the periphery of an elliptical wheel, or camm, {Jigs, i, 
and 3.) fixed upon the axis, I, of the rollers, (or, in other 
cafes, upon the (haft of the water-wheel,) in an excentric 
manner, fo that, in turning round, it will lift up the lever, 
and clofe the (hears; but wlieii its oppofite or (hortell 
radius comes beneath the lever, it is fuffered to defeend, and 
open the blades. At this moment the workman introduces 
the end of the iron-bar between the blades, pufliiiig the end 
of it up to a Itop, which regulates the length to be cut off ; 
then as the camm turns, it clofes the blades, and cuits at 
once through the bar, although fome of the largeft arc as 
much as tlvce inches broad, and an inch tffick. 
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Rollers are ufually made of caft.iron* and are very cKadlly 
lamed on their furfacea, and alfo their nocks, that they 
may turn truly when put in their places. The inoft common 
way of turning them b, fir ft to mount the roller in a llrong 
turning lathe, oy holes or centre points made in its ends; 
then to turn the two necks truly cylindrical ; and afterwards 
putting the roller in its proper place in the roller. frame, and 
placing bralfes over the necks, they are held down by 
blocks, fitted under the pieces which retain the gudgeons of 
the upper roller : in this iituation it is pul in motion by the 
mill, and a bar of iron being fixed up ’for a reft, the furface 
of the roll is turned true, in the fame manner as if it was in a 
lathe, and will be certain to beexadl, being formed from the 
fame necks on which it is afterwards to work. In calling 
a roller, the mould ftiould always be placed at a confiderable 
depth beneath the orifice where the metal is poured in, fo 
that the prcHure of a column of the fluid metal may be ob- 
tained to coiifolidate the calling, and render it free from thofe 
air-holes, or porous places, which will fometimes occur in 
metals call without the prellurc of a column. The long 
piece of iii?tal which filled the aperture through which the 
metal ran, is left adhering to the roller, and is cut olF af- 
terwards. This is the fame mode of calling that is prac- 
lifed for cannon (fee that article). Cafe-hardened rollers 
mull be ufed when it is required to have a very fair fur- 
face ; ‘u/z. for fuch purpofes as rolling iron to make thin plates 
for tinning ; alfo the large rolleis for gold or filver, fuch as 
are now uled in the Royal Mint ; rollers for making tiii-foil, 
Heel-plate for faws, and for many other piirpoles. 'rhefe 
rollers are not hardened by a fublequent procefs, as in calc- 
Jiardeiiing wrought iron, but are call in that ftatc. 'I'his is 
efFeded by employing iron moulds : a call -iron cylinder of 
three inches lihck, and its diameter equal to that of the 
roller, is boied out with great accuracy, and fitted with 
ends proper to form moulds For the necks required at each 
I nd of tlie roller ; this is buried in the laud of the foundry, 
\nd when the metal is ran into it, the rapid tranfniiflion of the 
heat through tlie iron mould caufes the metal which is in 
•’oiitaCt with it to cool fooner than tin' otlier parts of the 


reverberating furnace is ufed for this purpofe ; it i, made 
the fame as an a.r.f.irnacc for melting large quantities of 
•roil, ^cept that the floor is horizontal ; indeed it is as near 
as polFildc fmiilar to the balling furnace. (See P/a/c II 
/re» Manujaaurc.) The furnaces are placed as near ai 
convenient to the rollers. 

1 he iron, being heated in the furnace to the proper deirree 
forUie «l.,ch IS intonde.l, i, ,.,ken out by a pam of 

piiKciB, the mill put in motion by drawing the ftiuttk*. and 
the iron is preh nted to the rolh rs, „h,eh to previonlly ad- 
julted to tlit thvckiieis of the jnecc w Inch is to be pIlTcd. 
If this IS not attended to, and the workmen attempt 
to it-duec tin- iron too much at one time, there is danger of 
breaking lomc of the machinery, or of Hopping the mill 
whillt the iron is only half pafli-d through : this is a dif- 
agreeable accident, as it will require four or five men, with au 
enormous wrench applied to the nuts of the roller, to turn 
them back luthen nl y to relieve the rollers, fo forcibly are 
the lerews prefled vvh.lft the iron is palling through: this is 
indeed evinced by the eirenmilance of lohd caH-iron rollers, 
of ten inelies in diameter, being fometimes broken in the 
middle ; am the necks of eight and nine inches are frequently 
inapped. When tlie iron is placet! on the Ihelf or table bcfoiv 
tliem, their motion will draw it through, and as they cannot 
recede from each other, heeaufe of the nuts of the bolts, 
the inet.d is rednetd to the exaa ihicknefs of the Ipacc be- 
tween them, mcreatingin length, hut not at,all in breadth • 
the iron IS caught by another workman behind the rollers 
and returned over the top roller to tin- lirll man, who puts it 
throtigh again, lirll giving the handles of the mits a fmall 
turn, to bring the rolls nearer together. In this manner it 
IS repeatedly rolled, till it is reduct'd to any required length 
and tlncknefs, but the breadth is not at all increafed by 
rolling; and if it is required to increafe the breadth, it is done 
by putting the iron obliquely through the rollers; or if a 
great increafi* is wanted, tlie iron is put through breadth- 
wife two or three times, till it is extended to the length of a 
gauge which ilie workman has marked upon the table in 
front. 


mafs, and renders the Furface of the roller very hard. In 
turning a roller of this kind, the centres mull be chofeii fo 
that the circumference turns as true as it will admit, and 
then a very fmall quantity being taken oft, will render 
vt perfi tX : this care Ihould be taken fur two reafous ; 
lirll, that lefs will be required to be removed to make it true, 
which is a diflicult operation, as only the bell Heel tools will 
out it ; alfo, that if the metal is imequally reduced, orm ;rc 
oil one fide than the other, the hardelt jiart will there be 
cut away, and the roller will have a hard and a foft fide, 
and foon wear out of the circular figure, and require a fe- 
cond turning. The lefs metal there is turned off a cafe- 
hardened roller the better it will be, becaule the hard part 
is only a cafe of flight tlncknefs, and moH hard at the 
furface. 

The operation of the rolling-mill is fo fimple, as fcarcely 
to require any defeription : tlic metal is heated in rever- 
berating furnaces when it is in large mafles, and for Imaller 
pieces a kind of oven is ufed, in wliich the cokes are laid on 
the bottom or floor of the oven without any grate-bars, and 
therefore the draft of air being Ids rapid, it give s a flight, 
but very regular heat, which rifes to a bright red, but no 
farther, and therefon* it does not wafte tlie iron by burning 
it to fcales, as a greater heat and current of an* will do. 
This oven is proper for heating plates, hoops, or fmall bars, 
to be rolled a fecond and third lime : but for rolling large 
maftes, a ftrong welding heat is requifitc, that the metal may 
be confoUdated, and all flaws or cracks fccurely doled. The 


Rolling oj hlnch Plate, fuch as is ufed for making the 
boilers of iteam-engines, tanks, or other large vcftds, in 
wrought iron, bueh platc's, vdien large, and of confiderable 
thicknefs, are rolled from the blooms, or half blooms, wliich 
arc made under the forge-hammer. Tliefe blooms, which 
arc alfo called (Lihs, are nearly the length of the intended 
plate ; their breadtli about one-half or oiu'-third as much as 
tlieir length, and of a thicknefs to contain as much metal as 
will make two, three, or four plates. I'hcfe pieces, when 
heated to a white heat, are preleiitcd breadthwife to the 
rollers, and puHed through feveral times at the fame heat, 
until what was the breadth of the bloom, being extended 
two or three times as great, bccomeii equal to its length. The 
thick Iqiiarc plate, thus formed, is now cut up by the (hears 
acrofs into two or three pieces, of aboOt the fame lizeasthe 
lirft, but in a direction which will make what was the length 
of the firft piece to be the breadth of the fccond. Thefe 
pieces, being heated and rolled again, become extended to the 
lize of the required plates ; the reafon of thus dividing the 
operation is, that the rolling only extends the metal in the 
diredioii in which it moves, and not at all in breadth : by 
this means, the particles of iron being drawn by the Tides of 
one another, acquire fomething of a fibrouo texture, or an 
approach thereto, which is defirable in bars, rods, and 
hoops, but not at all in plate, as it ftiould be equally ftrong 
in cither direction ; therefore, by rolling it firtl one way, and 
then tlie other, the gram, as far as it is produced at all, is in 
both diredions. There is no doubt that better plate would 
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be made, if the (labs or original pieces were cut to the pro- 
per proportions of length and breadth, and of athicknefsto 
form only one piece ; then rolling it alternately length and 
breadth ways every time it is pafl'ed between the rolls, and 
continuing this till the plate is finilhed, at one heat ; a better 
grain or texture will be thus acquired, becaufe in the former 
method it will be weaker one way, having fomething of a 
grain in the direftion of the laft rolling. 

Rolling iron Plates which are to be Tinned* — Thefe are made 
from the bell Englifh iron, and fome of the very thinneft 
from foreign iron ; the bars arc drawn out, by the forge 
hammer, to five inches broad, and half an inch thick, and 
arc cut into lengths of eleven inches by the (hears ; thefe 
are heated in an oven, and pafled breadthways through cafe- 
hardened rolls; this is repeated till they are extended to 
twice the length of the intended plates : the pieces are 
then folded, and fet on edge in the furnace till properly 
heated, when they arc rolled double, the fold being put in 
firft ; they are tnus extended to twice the length of the 
folded plate. Now two men, witlittrong tongs, tear the two 
leaves afunder at the fold, and fold each again feparately, 
putting one into the other, like two fhccts of paper ; in 
this (late they are heated, and rolled four thickneiles to- 
gether, the next time eight, and fo on, till the plate is re- 
duced to the required thicknefs ; in the very thinneft plate, 
fuch as is ufed for tagging laces, fixtcen leaves are rolled 
together. In folding the plates, care is taken every time 
to put a new furface of metal outfidc, otherwife, ihofc 
which were conttantly reduced by the preflure of the adja- 
cent leaves, would, at length, become grained on the fur- 
face ; but by continually gaining new lurfaces, which are 
fmoothed by the immediate conta6l of the rollers, thofe 
which are laid againft them are alfo rendered fmooth. A 
fmall quantity of oil is fprinkled between the leaves, when 
they are firtt put in, and inftamtly fpreading over the wdiole 
furface, prevents any adhefion ; the plates are dreflcd fquare 
by the fliears every time before they are folded, to remove 
thofe parts which, by proje^ling over the edges of the other 
leaves, are not fo much reduced. 

After being finifhcd, drefled fquare, and the furface 
feowered, the plates are rolled, ft ugly, between a pair of 
polifhed cafe-hardened rolls, without being heated ; they 
are therefore extended but little in fize, tnough rendered 
much harder, and more ftiff. Tin-foil is rolled mucli in the 
fame manner as the plates for tinning, but of courfe without 
heating. 

Rollings or Shingling Iron by This is a modern in- 

vention in the manufadluring of bar-iron, the rollers being 
fubftituted for the forge hammer to work the metal, in the 
procefs of rendering it malleable. This method is only 
ufed inconjun^ion with the procefs, that is, puddling, 
or converting, caft-iron into a mdleable ftate, by decarbo- 
nating it in a reverberating furnace; in this procefs the 
metal becomes divided into grains the ftze of muftard feeds, 
with a very flight cohefton,' and full of interftices between 
the grains ; it therefore requires to be damped, or ham- 
mered, at a welding heat, into a folid mafs ; but rolling will 
alfo anfwer the purpofe. 

This was firft difeovered by the late Mr. Wilkinfon, who 
had, in his extcnftve works at Brofely, in Shropfhire, a 
pair of enormous rollers, moved by the beam of the fteam- 
engine, not with a rotatory, but with a reciprocating motion ; 
they were five feet diameter, near ten feet long, and weighed 
almoft five tons each, although caft hollow, like garden 
suUers ; fe 61 ors were fixed on the ends of the gudgeons, to 
turn each other, as they did not make above one-third of a 
revolution, and then moved back again. The circumference 
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of the rolls were grooved with grooves, gradually dimi- 
nifhing from one end to the other, in the fame manner as the 
rollers fhewn in Plate V. Jig* i . The mafs of iron to be 
rolled was collcdlod into a ball in the furnace, which was 
taken out, and pafled through the greateft of the grooves. 
When it came through, a workman at the oppofite fide re- 
moved the ball to the next fmalleft groove, and by the re- 
turning motion of the rollers, it was carried back again to 
the front ; the front workman then returned it in another 
groove, and fo on, palling fuccefTivcly through the dif- 
ferent grooves, until, by gradual confolidation, it was re- 
duced to an impertedf bar of malleable iron. A number of 
thefe, being cut into lengths, were made up into faggots, or 
piles, and by a 'pair of rotatory rollers finifhcd into bars. 
Mr. Wilkinion had a patent for this machine, but it was 
afterwards found that other rollers would effccl the purpofe 
better. i* ‘>f Plate V. is a view of a pair taken 

from Mr. Samuel Smith’s works, at Sheftield, Yorkfliire, a 
gentleman who, we believe, was the firft who brought them 
into ufc ; the two grooves e and f are very coarfe, and 
have teeth, that they may, more certainly, draw in tlie balls. 
The two next grooves are plain but concave, and the re- 
mainder are angular, to form fquare bars when the ball be- 
comes confolidated. The life of thefe rollers is very ftmilar 
to thofe we liave juft deferibed, the ball of metal being 
taken from the furnace, and prefented to the rolls. As foon 
as the metal comes through the rrdlers, a workman behind 
lifts it over the upper roll to the firft workman, who puts 
it between them again ; in this manner the metal is rolled 
ten or twelve times, being put through a fmaller groove of tlie 
rollens at each time, fo as to compn*fs it in a greater degree 
every time, till at laft it is reduced to a tolerable fquare bar ; 
but the laft groove E, fig. 2, has teeth in different parts of 
the groove, and at fuch diltanccs from each other, that they 
will indent fo deeply upon the angles of the bars, at every 
eight or ten inches of their length, as to render it eafy to 
break them into fliort pieces when they come tliroiigh. The 
pieces, thus formed, are piled four together, and put into a 
ball furnace, and, when heated, they are rolled into bars, 
by rollers fhewn at fg. 4, which, at the firft five grot>ves, 
r, fj arc ftmilar to the former, but the fiiccceding grooves, 
i, /, are made to receive the rings of the oppofite roll, 
leaving fmall re6langular fpaces, as is fhewn by the light 
parts, 4, through which the iron, being palled, is re- 
duced to a parallel fmooth bar. The fucccflivc grooves 
through which it is pafled are each made narrower than the 
preceding, fo as to reduce the bars to the width and thick- 
iiefs intended, in which flate they are fent to market, or if 
required for the nail rods, or hoops, are cut up by the flitters. 
The rollers are thought to inclofc the impurities in the iron, 
rather than expel them ; but as rollers require much Icfs 
power to give them motion than tlie hammer, it becomes 
worth the confideration of manufa<fturers to improve their 
conflrudtion, and render them equal in effeft to the hammer. 
At prefent the rolled iron is not always fo good in quality as 
the hammered, though this circumftance fhould not deter 
manufafturers from ufing it, as it is fcarcely poffible that a 
newly invented procefs fhould be at firft brought to equal 
perfcdlion with another which has exercifed the ingenuity of 
manufadturers for ages paft. But in the courfe of pradf ice 
many improvements may arife, which will remain undif- 
covered if the procefs, in its prefent ftate, is negledted; 
even in this ftate the puddled iron, made with rollers, 'is by 
no means to be defpifed, when its price and quality are com- 
pared ; it is for iron requiring the fibrous texture that thia 
procefs is bell adapted. 

Rolling and Jlitting iron for nail rods or fmall hoops. The 
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iron which is fubjeftcd to this proccfs is brought to the 
mill, Plate IV. before defcribed, from the forge hammer, 
in bars of a fize proportionate to the nail rod it is intended 
to make ; thefe are cut into lengths by the fhenrs, and healed 
in the furnace, then rolled repeatedly through the rollers, 
C, D, which are reduced every time it paffes, until the bar 
becomes of the thicknefs for the fquare of the intended rod, 
half an inch for inftance, and two, or two and a half, inches 
wide ; it is, in this ftate, prefented to tlic flitters E, F, and 
one end being introduced between the guide-bars of the 
flitters, is drawn in between them by the motion, and, by 
this means the ring of one roller prefTes a correfpondlm^ 
breadth of the hot metal into the fpaec bctw’een the ringf. ()f 
the other roller \ this being performed by both rollers, com- 
pletely divides the bar into feveral rod ; of the fame breadth 
with the rings of the rollers. A fmall leaden pipe is fixed 
over the cutters, and being perforated with holes, conlbntly 
lets fall a fupply of cold water on the rollers, to prevent their 
becoming hot, and thus lofing their hardnefs, which alone 
preferves their circular figure under the intenfe prefl'urclliey 
have to fuftain in dividing the iron. The guide-bars are 
intended to force the iron rocli, when cut, out of the 
grooves between the rings of the collar, which thc‘y would 
nototherwife quit, after being fo forcibly prelFed into them 
by the' rings of the oppofitc roller. For making (mall 
hoops, the rods, as foon as they are formed, are put through 
the plain rolls again, and flattened into a hoop. 

Rolling of Iron Hoops . —In the country thefe are made from 
iron bars, which are reduced in rollers, fimilar to yff. 4, to a 
iize proper to produce the hoops required ; thefe are cut into 
lengths, heated, and palled through the Hitlers, which divide 
them into three or four rods, which are immediately pre- 
iented to the cafe-Iiardcncd rolls, and flattened out into a 
proper hoop. The mill lliewn in Plate IV. is equally 
adapted for this work as for nail-rod ; but fur lioops, the ad- 
dition of a proper fly-wheel would be an improvement, as 
the work is fo much heavier. 

In London, where a vail quantity of old hoops is to be 
procured, they are re-manufaCtured, and make the very belt 
fort. The vidualluig-board aloreconfumc many hundred 
tons annually for the fervice of the navy : the old hoops 
are made up into faggots, and fliingled, or welded into bloom 
at one heat, by a forge-hammer, or in (mall works by rollers 
like Plate V. fig. i. The blooms, being again heated, are 
rolled out into bars by the bar rollers, 4, andthcfe are 
cut into two or three lengths, according to the fizcs of the 
intended hoops ; thele pieces art? lieated a third time, -flit 
into rtKls above defcrilK^i, and then formed into hoops by 
the cafe-hardened rolls. Uy fucceliive improvements it has 
!)een found, tliat two heats are futricient, the lird for fliin- 
gliiig and forming the bars, and the fecond for Hitting and 
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(lalteiiing the hoops ; but in either method the grand objeft 
IS by faggoting and rolling, always in the dircAion of the 
length, to gain a fibrous texture to the iron. 

Old hoops have been lately made up into new at one 
operation ; by employing a greater power and vek)city, and 
making up a Imaller quantity at once, it may be effefted at 
a fingle heat, inlleuJ of two or three. For this purpofe the 
old hoops are cut into fhort lengths and faggoted 111 piles, 
the rivets being firil cut out and the pieces ilraightencd, that 
the piles may bo more dole and compaft : thefe piles are 
heated in the ufual kind of furnace to a good welding heat, and 
are rolled between the fliingling rollers, being palled through 
two or three grooves till they are properly reduced to go 
through the flat-grooved bar rollers : after rolling through 
the three grooves thereof, they are put through the flat parts, 
iiid a guide is ufed to diredt them llraiglit forwards, without 
care or attention from the workman. The bar is then car. 
ried to the cutters, and Hit into two or more rods, which arc 
immediatiHy and fucceflivdy pafled between a pair of plain, 
cafe-liardcned rolls, to finifli the lioops. 

Vat-hoops, or others above two inehes in width, do not 
require to be flit, but are at once carried from the bar rollcru 
ti) th'‘ plain rollers, which fiiufh them. The piles for fhin- 
ghng iiiiilt not be made too large, or the hoops will not retain 
fiiHicient Iieat to be found ; about 42ll)S. will be a proper 
quantity. I'lie mill for tlii-j mnnuraduu* mnft of coiirle 
liave gn'dt power, and the rolliTs Ihould move with a fuffi- 
cK'iit velocity to enable the iron to be got through the whole 
procels vvluKl fiifllcieiitly liot. The bar and fhingling 
rvHlcrs Hiould be placed dofe together in a line, and mult 
make about 90 revulutions pet minute ; tile caic-hardened 
rollers (hould make 140 permunWv, and fhoiild be placed in 
fiiefi relative fituations as will he mull toiiv mient to convey 
the iron in the quickdl manner fri)in one pair to the next. 
A patent has been taken out by fume, wlio pretend to the 
invention the above method; but tin) cannot prevent 
other manutadiiivrs iiliiig it, as it is no new invention, con- 
filling only in taking more care, and ufing rollers with a 
greater velocity. 

The rolling-mill is not confined to the laminating of iron, 
but lb lilcewiie employed very extenfivdy for reducing brafs, 
copper, tin, lead, as well as gold and (ilver, into plates and 
bars. The latter metuls are fcarcely ever reduced by any 
other means th m rolling ; as tins method makes no wafte, is 
the moil expeditious, and produces better work than ham- 
mering, or any other method, particularly when an equality 
of thicknefs and an even furface are dcfired ; fuch, tor ex- 
ample, as gold or filver, which is always to receive a polifli ; 
in thefe cafes the rollers are made of Heel hardened and po- 
lilhcd on the furface with the moll (crupulous nicety, that 
they may produce a perfeA furface on the matters which 
have been palfed through them. 
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ROPE, an aflcniblage of feveral twitts or ftrings of hemp, 
twifted together by means of a wheel ; of various ufes, as 
in binding, flaying, drawing, fufpending, &c. ; or, all cord* 
age. in ^neral, above one inch in circumference, moftly 
maoc of nemp fpuninto yarns or threads of a certain length ; 


and a number of tbele yarns or threads, according to the 
fize of the rope, arc twitted together, and called a ftrand. 
Three of thefc ftrands twitted or laid together, is called a 
hawfer-Iaid rope, and nine of them a cable-laid rope. Ste 
KoPR-Maiinx. 
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When the rope is made very thick, it is called a 
and when very fmall, a cord. 

Though it be difficult to give a certain account of the 
forces required to bend ropes of different diameters, in mak- 
ing them go round bodies of different bigneffes, yet to make 
no allowance for the lofs of motion fuflained thereby, would 
be as prejudicial to the praftice of mechanics, as it would be 
to overlook the friction of the parts of engines. The diffi- 
culty of afeertaining this force arifes from the different 
materials of which they are made, their different iliffnefs 
according as they are more or Icfs twiflcd ; and fometimes 
from the temperature of the air, as to moifture and 
dr^efs. 

jDr. Def^uliers has computed the forces required to bend 
ropes of diflfereiil diameters, flrctched by different weights, 
round rollers of different bigneffes. The refult of his expe- 
riment is expreffed in the following tabic. 


Diameters of 

We»f.dits 
ftretchiiiK the 
ropes, exprelf- 
cd in lb. avoir- 
dupois. 

- 

Refiftanee 

KenAunr e 

Refi (Vance 

the ropes of 
tiuce flrands, 

about a roller 
of half an inch 

about a roller 
of one inch in 

about a roller 
one and a half 

expreffed in 
tenth parts of 
an inch. 

diameter, in 
0/,. avoirdu- 
pois. 

diameter, in 
o^. avoirdu- 
pois. 

in< h diameter, 
in 0/.. avoir- 
dupois. 

'' 

111. 

i)/. 

0/. 

0/-. 

0.5 

60 

223 

112^ 

75 

0.2 

60 

90 

45 

30 

0.1 

60 

45 

2 2^ 

15 

0-5 

40 1 

150 

75 

50 

0.2 

40 

60 

30 

20 

O.I 

40 

30 

^5 

10 , 

0.5 

20 

75 

375 

25 

0.2 

20 

SO 

>5 

10 

O.I 

20 

15 
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On the whole, it has been found by experiments, that the 
difficulty of bending a rope round a roller decreafos dircflly 
as the diameter of the roller incrcafcs, or is, inverfely, as 
the diameter of the roller. See Defaguhers, Experim. 
Phil. vol. i. p. 233, &c. Sec alfo Cohoage. 

A Table, fhewitjg how many fathoms, feet, and inches 
of a rope of any fize, under fourteen inches, makes a 
hundred weight, with the ufc of the table. 


Inches. 

^ 2 

:r ?, tr 

0 * 2 

3 !• 

u 

Inches. 

Inches. 

Feet. 

Fathoms. 

I 

486 0 0 


1 

24 0 0 


313 13 0 

4I 

21 3 0 


216 0 0 

5. 

19 3 0 

H 

>59 3 0 

si 

17 4 0 

2 

124 3 0 

si 

16 I 0 

2 i 

96 2 0 

si 

14 4 6 

2 i 

77 3 0 

6 

13 3 0 

2 f 

65 4 0 


12 2 0; 

3 . 

54 0 0 

H 

II 3 0! 


45 5 * 

6| 

10 4 0 


39 3 0 

7 

9 5 < 5 : 

Si 

34 3 9 

74 

1 9 I 6 

4 

30 1 6 

7I 

R 4 0 

4 i 

26 s 3 


836 


3 

n 

(V 

u 

Incites. 

■ Feet. 

' Fathoms. 

Inches. 

^ ^ ? 
1 

8 

7 3 6 

m| 

3 4 I 

H 

708 

m| 

3 3 3 

11 

<543 

•*, 

3 2 3 

6 2 I 

I2i 

3 2 I 

9 

600 

I 2 i 

320 

9 ? 

540 

> 4 , 

278 

9 | 

520 

>3 1 

2 5 3 

n 

506 

' 3 i 

249 

10 

450 


240 

io4 

4 4 * 

i 3 i' 

236 

'.i 

1 1 
Mi 

^ * 0 

418 

403 

3 5 7 

•4 

2 2 1 
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Suppofe I want to know how much of eight -inch and 
quarter rope will make a hundred weight ? Find Sj: under 
inches, and againft it, in the fixth column, you find 708, 
which fhews in a rope of 8^, tliere will be feven fathoms 
eight inches required to make one hundred weight. 


A Table, fhewing the weight of any cable or rope of 
1 20 fathjms in length, and for every half inch from three 
inches to twenty-four in circumference. 


Inches. 


S' 

T 

‘ 

r f 

i Inches. 

t ? 

3 

2 1 

rl 
/ 2 

14 0 

1 

36 0 

3 * 

4 0 

8 

16 0 

i 

39 0 

4, 

4 * 

H 

18 0 

*3 

42 i 

4 l 

5 0 

9 

20 I 

>35 

45 7 

5 

5 ^ 

1 9 i 

22 2 

i H 

49 0 

5^ 

! 7 0 

i *0 

25 0 

Hi 

52 2 

6 

1 9 0 

i loi 

27 2 

*5 

56 j 

H 

10 2 

1 1 

30 I 

i 5 ij 

fio 0 

1 

!0 I 1 

j 

33 0 

16 

64 0 




i6i 

>7 

» 7 i 

18 

iSi 

!9 

'y-i 

20 I 


68 

72 

76 

Si 

85 

90 

9 S 


20^1 1 05 o' 


21 jllO 
21^1115 2' 

2 2 \l2l O, 

22I |126 2 \ 

23 M32 11 

23^ 0| 

24 144 0| 
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The greateft confumption cf rope is ufed for the purpofes 
of navigation in rigging of fliips : where, though ropes 
include tlic whole cordage, tht're are fevcral particularly deno- 
minated, and whicli have particular names given to them ; 
as follow. 1. Awning-ropes are the ridge and fidc-ropes. 
The ndge-rope reeves through the trucks feized along the 
middle of the awning; the fide- ropes reeve through the 
trucks feized along the fide of the awning. By thefe ropes 
the awnings are Ipread between the mails. 2. Bell-rope, 
nine or ten feet in length, which fplices round a thimble in 
the eye of the bell-crank. In the middle of the rope is a 
diamond-knot, and at the end a double wall-knot crowned. 
3. Boat-rojn*, or painter, that by wdneh the bt)at is towed 
at the ftern ; it fplices with a thimble to a ring-bolt infkle the 
Ibrnn. 4. Bolt -rope, the rope fewed to tlu‘ edge*, of the fails, 
as the head-rope, foot-rope, and leech-rope, c. Breafl-ropc, 
that failened along the laniard of the fhn^uds, for fafety, when 
heaving the lead in the chains. 6. Bucket-rope, that which 
IS failened to the bucket for hauling up water. 7. Buoy- 
rope, the one failened to the buoy and crown of the anchor. 
R. Davit-rope, the lafhing whicli leciircs the davit to the 
flirouds when out of ufe. 9. Entering-ropes have their 
upper end thrufl through the eye in the iron-llantioiis at the 
gangways, and are walled anti crowned ; and diamond-knots 
are made at every nine inches afunder in the whole length. 
10. Grapnel-rope, that which is bent to the grapnel, by 
which the boats ride. 11. Guiil-ropc, that failened to an 
eye-bolt in the fhip*8 fide, and to the outer end of a boom 
projefting from the (hip's fide, by guys, to keep the boats 
clear from rubbing again il the Tides. 12. Hccl-rope, that 
whicli hauls out the bowfprit of cutters, and the jib and 
iludding-fail boom. 13. Man -ropes are for the fecurity of 
the men going out upon the bowfprit. 1 4. Parral-ropes are 
to corincft trie ribs and trucks of the parral together. 
15. Pafling-ropes lead round the fliip through the eyes in the 
quarter waiil and forecaftle-llantions, liave one end flopped 
through the eye of thegangway-flantion, with a wall-knot 
crownied, and are fet forward through an eye-bolt in the 
knight-head with a laniard, having a thimble turned into the 
end. 16. Ring-ropes are occafionally made fail to the ring 
or ftopper-bolts in the deck, and by crofs turns round the 
cable, to coniine it more fecurcly in ttormy weather. 
17. Siip«rbpe is to trice the bight of the cable into the 
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heads ; a flip-rope is alfo ufcd in cafting off a veffel* till got 
into the tide’s way, &c. i8. Swab-rope is made fall to the 

eyt'of the fwab, to raifc it out of the water, 19; Tiller- 
ropes arc the ropes by wliich the tiller is worked by means 
of the fleering- wheel. 20. Top-rope is the rope that is 
reeved through the flicavc-holc in the heel of the tnpmafl, 
to raife it by its tackle to the malt -head. 21. Yard-ropes 
are only temporarily ufed to heave the yards on board. 

Ropes arc diflinguiflied by being cither cahle-latd or ha<wfer- 
hitd : the former arc compofed of nine ftrands, viz. three 
great llrands, each of which h compofed of three fmaller 
ftrands, and each containing an equal number of threads : 
and a rope, cable-laid, eight inches in circumference, has 
3^3 threads, equally divided, and laid into nine ftrands: 
the latter is made with three ftrands, each of whicli contains 
a certain number of rope-yarns, in proportion to the fize 
of the rope required. A rope hawfer-laid, eight inches in 
circumference, has 414 threads, equally divided, and laid 
into three llrands. Thirty fathoms of yarn make eighteen 
fathoms of rope cable-laid, and fo in proportion. Thirty 
fathoms of yarn make twenty fathoms of rope hawfer-hid, 
and fo in proportion. Ropes of from one to two and a half 
inches in circumference are hawfer-laid ; of three inches to 
ten inches, either hawfer-laid or cable-laid ; and from ten 
inches to any greater dinienfion, always cable-laid. 

I’wice-laid cordage is made of call rigging, as fhrouds, 
ftays, mooring and other cables, which, if not much worn, 
will make good ropes for netting fliips’ fidcs, worming and 
woolding for cables, (pun-yarn for feiziiig, worming for large 
itays, feizing for flrops of blocks, fmall cable-laid ropes 
for warping fliipr., ratlines, fcaffolding-ropcs for dock yards, 
&c. 

When the yarn of this old fluff is overhauled, a little 
thiri tar fliould be poured on it, which will make it pliable 
and lie better. The yarn unfit for knotting will pick into 
Oakum for caulking. 

To open a cable, for making it into fmall ropes, hang the 
ftrands upon three hooks in the tackle -board, ilretch it out 
tight upon the hooks in the fledge, and heave till they are 
unt willed ; then draw out the yarn. 

The procefs of making fmall ropes is fimilar to making 
large ones, except the twilling and clofing, which are done by 
a back-frame wheel or a table-wheel. See the next article. 

RoPK'Maiingy the art of preparing hemp, and fpinning 
it into yarns or threads, and twilling ihofe threads into 
ftrands, and laying . thofe ftrands into cordage of the 
largcft fize, as the fmalleft kind is called cord or twine 
fpinning. 

Before we proceed further, it maybe ncccfTary to inform 
our readers of the diflerent forts of lK*r.tp proper to be made 
ufc of in the manufadluring of cordage. Of ail the hemps yet 
produced at our Englifli markets, the Rufllan hemp has proved 
to be the beft ; it is grown in the fouthernmoft parts of 
Ruflia, and fliipped for En);land from the ports of St. 
Peterfburgh and Riga. Thi‘ befl fort is Riga rhine hemp ; 
the next in quality is termed Peterihurgh clean hemp. Thefc 
two are confldered the bell forts of hemp to be ufed in 
making the ftrongeft cordage. 

The firft procefs in ilic art of rope-making is, Hatchelling 
the Hemp, 

Hatchelling the hemp, is the combing or clearing the 
ends, which elfe, in fpinning, would run in with the long 
hemp, and fo preparing it ready for the fpinner ; in the 
procefa of which, care and particular attention muft be paid 
by the hatcheUers that they do not ufe too great a quantity 
ot oil, as in fuch cafe it will prevent the yarn from imbibing 
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Its proper proportion of tar, and thereby prove t ferious 
injury. 

N. B. A fmall quantity of train-oil, fay one pint to every 
hundred weight, fpritikled or daubed with a wad on the 
hemp, facilitates the hatchelier’s btifinefs exceedingly, and 
is very nccelfary when the hemp is fomewhat too dry, as the 
fpinners are better able to perform their bufinefs when it 
has received fuch afliftance. 

The fecond and priiicifial procefs to be attended to in the 
manufaduring of cordage, is Spinning the Tarn, 

In fpinning, particular attention muft be paid by the 
fpinner that the yarn be fpun even, folid, and round ; to ac- 
complifli which, he muft fpin with a llrong even grip of the 
hand, taking care not to make his yarn larger in one place 
than in another, nor make a pradlice of fpinning too much 
in a hurry ; and the fpinning-wheel muft be kept turning a 
conftai»t regular pace, otherwife the yarn fo fpun will lofe 
its principal fupport, which is its proper turn, or twift, and 
will be little ftronger than a parcel of ftraight hemp laid 
together, which would break in warping or draining up. 
The following regulations muft be attended to in fpinning. 
Every fpinner is to fpin out of the beft hemp fix threads, 
one hundred and llxty fathoms long, for a quarter of a day’s 
work ; but he k to fpin out of the liemp which compofe the 
bands by which the bales of hemp are bound together, no 
more than four threads, one hundred and fixly fathoms long, 
for one quarter of a day’s work. To every twelve fpinners 
there are allowed two hatchcllcrs, one u heel-turner, and one 
w'heel-tcnder : the wheel-tender’s bufinefs is to fplicc the 
threads, and wind them on winches. The latter mentioned 
perfons are paid in the fame proportions as the fpinners, that 
is, according to what w'ork is done upon the wheel, only with 
this difference, the fpinners are paid feven -pence per quarter 
for their work, the hatchellcrs, wheel-turner, and wheel- 
tender, only flxpencc. 

Each thread of the under-mentioned fizes of yarn to the 
fpinning mark, {viz, 160 fatlioms,) (hould weigh as fol- 
lows : 



lbs. 

07 . 

drs. 


lbs. 

07 ,. 

drs. 

16 

4 

0 

0 

21 

3 

0 

4 

17 

3 

12 

4 

22 

2 

14 

9 

18 

3 

8 

H 

23 

2 

12 

8 

*9 

3 

5 

H 

24 

2 

10 

10 

20 

3 

3 

3 

25 

2 

8 

15 


The third procefs to be attended to in the manufa6luring 
of cordage, is JVarping the Tarn, 

Warping the yarn, is the ftretching the yarns, previoufly 
to their being tarred, all to one given length, which, in fuU 
length rope grounds, is two hundred fathoms, and putting a 
flight turn or twift into it. The ufual metliod is to warp the 
yarn either in whole or half hawls, which is done by putting 
the number of threads you mean to draw down at once in a 
bite, into a block with one flicave, (the one end of the bite 
of yarn being faft at the upper end,) which being drawn 
down and fixed over the end of a hook made faft to a poll at 
one hundred fathoms diftance from the warping poll, forms, 
when opened, a length of two hundred fathoms, as above- 
mentioned. The number of half bites, or blocks of yarn, 
contained in a whole or half hawl, is to be governed, in a 
great meafure, by the fize of the yarn to be warped, — as, for 
inftance, 16 to ip-thread yarn is warped three hundred and 
thirty-fix threads in a hawl, 20 to 25-thread yarn is warped 
four hundred threads in a hawl. In winding the yarns on the 
winches after they are fpun, it is molt ufual to wind them on in 
companies of four in a company ; but as that method can- 
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not always be purfued» it frequently happens that whole or 
half hawls of yam are obliged to be warped in half bites 
of an odd number. 

The following rules and regulations refpefting the warp- 
ing of yarn mull be particularly attended to. 

In a liawl of yarn containing three hundred and thirty- 
Ax threads^ there (hould be warped as under-mentioned. 


A Biles, Threads. 


37 

3 

of 

9 

threads in a ^ bite. 

33 

6 


10 

ditto. 

30 

6 


II 

ditto. 


0 


12 

ditto. 

35 

11 


*3 

ditto. 

24 

0 


14 

ditto. 

22 

6 


15 

ditto. 

21 

0 


16 

ditto. 

^9 

13 


^7 

ditto. 

18 

12 


18 

ditto. 

*7 

^3 


^9 

ditto. 

16 

16 


20 

ditto. 


In a hawl of yarn containing four hundred threads, 
there Ihould be warped as under-nientioncd. 


^ Bitt's. 

44 

Threads. 

4 of 

9 

threads in « ^ bite 

40 

0 

10 

ditto. 

36 

4 

1 1 

ditto. 

33 

9 

12 

ditto. 

30 

1 1 

13 

ditto. 

28 

8 

14 

ditto. 

26 

10 

15 

ditto. 

25 

0 

16 

ditto. 

23 

9 

^7 

ditto. 

22 

4 

18 

ditto. 

21 

I 


ditto. 

20 

0 

20 

ditto. 


When the yarn is warped in half hawls, it is'to be care- 
fully oblervcd that only half the number of yarn.s, or threads, 
above-mentioned, are to be warped, and care fhould be 
taken to warp the number of threads as near as puflible. 

It requires three men to warp a hawl of yarn, who are 
employed as follows : vi%. two men to warp (or draw the 
yarns to their proper dillaiicc), and one man to fet up (that 
IS, to tighten the yarns, and hiingeach yarn to its proper 
bearing) : each man is allowed twelve threads (or two 
quarters of a day’s work) for his labour. 

To take the hawl of yarn up after it is warped, and cafrv 
the fame into the tar-houfe, requircfc ten men, who are each 
paid one thread (Was. one penny ) for their labour. 

The fourth procefs to be attended to in the manufacturing 
of cordage, is Tarring the Tarn, 

Tarripg the yarn is a procefs which fhould be particularly 
attended to, being extremely careful that the lar is not 
boiling too fall nor too flow ; if too fall, the tar will not liay 
in the yarn, if not hot enough, the tar will not fufficiently 
penetrate the yarn ; therefore a llriCl medium mull be care- 
fully obferved by the kcttle-lieatcr, as well as to keep the 
horfe, or men, which turn the capttan round, going at a 
gentle, Heady pace, thereby giving the yarn a proper time 
to imbibe its necefTary proportion of tar, but at the lame 
time not fuffering it to be kept in the boiling tar too long, 
which is apt to make the yarn very lender, therefore fliould 
be very carefully avoided ; and fhould the ca))ltan be Hopped 
by accident, the Hop that keeps the yarn down muH be in- 
Hantly raifed, and the yarn taken out. Particular attention 


fhould alfo be paid in paying (or coiling) the yam jiito thi 
kettle, that too long a length be not payed in at once ; if it 
is fo done, the yarn will, of courfc, touch the bottom of 
the kettle, which it fhould, by no means, be fuffered to do. 
as in fuch cafe it will imbibe the dregs and fettlemcnts of the 
tar appertaining to the bottom of the kettle, and make tin 
arn in fuch places black, or very mucli difcoloured, and 
avc a very uiiplealing appearance in the rope when made. 
Yam for cables requires more tar than for hawfcr-laid ropes. 
For Handing and running rigging the lefs tar the better, 
provided the thread is well covered. It fhould be always 
remembered that tlie yarn, when tarred, fhould be ovcrfcl 
(or removed! the fame day, as this piece of bufinefs, being 
omitted, will be likely to prove of a ferious confequence in 
heating and tendering the yarn, which at all times mult be 
carefully avoided. In overfcttiiig the yarn it fhould always 
be remembered that the yarn be well (hook and opened for 
two or three days, as in fo doing it admits the air, feparates 
and hardens the yarns, and contributes very much to the 
Hrength of the cordage. hawls or half liawls of yarn, 

when tarred, fhould always be weighed and tallied. 

Tarring yarn requires three men, who are employed as 
follows: r/z. one to heat the kettle, one to pay (or coil) 
the yarn in the kettle, and one to haul off and overfet the 
yarn. They are, in general, paid in proportion to the work 
the fpinners perform, which is called going by the wheel. 

The fifth and lalt procefs to be attended to, is Laying the 
Cordage, 

In laying cables, and all forts of ropes in general, the 
great art lies in making each yarn to bear alike. For this pur- 
pofe it was, particularly in the larger iized cables, that the 
patent machines have been introduced. Particular atten- 
tion mud be paid to this point, as therein confiHs the grand 
principle of making a flrong rope. For all forts of ropes 
whicii are to be irnmerged in the water, the utmoH care 
mult be taken to give the ftrands tlieir proper hardnefs in 
their firil procefs, according to the remarks laid down be- 
fore, which will prevent the water from penetrating the 
Hran^s, and thereby preferve the infide yarns of the cable ; 
as, if this procefs is not regularly attended to, the infide yarns 
will be always wet, and very foon decay. It frequently hap- 
pens that when the yarn is tarred fomewhal too deep, that 
many a cable is fpoiled, though not intentionally ; the fear in 
the perfon who has the direction in making the cable, of 
turning a very dark coloured rope out of hand, prevents 
the regular make being given the cordage, as in prciiing the 
yarn to their proper haranefs, the tar will fpring ont, very 
much difcolour the rope, and thereby give it a very un- 
pleafing appearance, efpecially when the fun is Ihiniiig very 
hot upon the yarn ; to prevent which, in a great meafurc, care 
fhould be taKcn, in the fummer months, to lay cables, and 
all forts of cordage in general, either early in the morning, 
before the fun lias much power on the yarn, which is alio 
apt to tender it, or late in the evening, after the fun has fet, 
or gone off the ground, or in heavy weather (by no means 
rainy) ; in which cafe your cordage will have a bright 
plcafing appearance, as the fmall fibres of the hemp will all 
yield to the top, and lay fmooth, which otherwife would look 
rough, and appear as if the cordage was made of inferior 
hemp, though in fad it was not fo, as all forts of hemp 
have fmall fibres appertaining to them, and which it is paft 
the art of man to prevent the fun from drawing up, and there- 
by making the rope look rough and unfeemly. 

N. B. T 1 le above remarks refpeding taking advantage of 
the time for laying the cordage arc only to be obferved in un- 
covered grounds. 
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In laying cordage, the yarn for twilling into ftrands is 
hung oil the hooks in the tackle-board, at the upper end of 
the ground, and upon hooks in the breaft-board of the 
fledge, at the lower end, which are turned by men at both 
ends until the llrands are hard ; and arc kept up from the 
ground by the Ibke-heads, 

Before the turn is put in, the yarn fliould be ftretched to 
its full extent by means of the tackle fixed from the fledge 
to the capllern, at twenty yards afunder, at the lower end of 
the ground ; and when ftretched to two hundred fathoms, 
the [irefs is put upon the fledge and drag, before tlie tackle- 
fall IS Ccifl off ; For if the yarn be not properly ftretched be- 
fore th'‘ tackle.fall is cait ofl, the rope will not be of its fize, 
nor well made. 

'^he itraiuis (hoiild have a good hardening before the top 
is put ill to lay the rope, and the layer fhould fee that the 
heavers al the upper end keep the fame hardnefs that the 
ftrands had before the top fet oil, nor fliould lie begin to lay 
the rope until the fledge or \\hccl is moved by the power of 
thetwiit tiomlhe upper (Mid. 

When twifted fufficiently liard, the ftrands are hung on 
one hook in the hn'alKboard of tli«' fledge, but remain fe- 
paratc on the tluce hooks at the (ithcr cmd. The top is 
pL,red ill at the fledge, and the rope twifted by turning the 
hooks at both ends one way, and, as the rope clofcs, the 
top moves towards the upper end. 

When tli‘ top is put in, fotn(' of the weight fliould be 
takt'ii ('IT the fledge or drag, for if l.iid with as much weight 
a" is ided in the hardening, it would be too llift, but, by re- 
moving a part of the weight, the ftrands will couch better. 

The ftrength of the men at the hooks being greatly inade- 
quate to tlie force required for twitting of cables, woolders 
are viled, according to the fize of the caolc, at equal diftances 
along the whole length. 

Cables fliould be rounded by the lower hook after they are 
laid, to throw the turn well up. They are generally thought 
to wear beft when flack-laid ; but fome think when Ihort- 
laid. 

Cablets ufed for tow-lines or hawfers, require the ftrands 
to be laid fhorter than cable-ftrands, but not fo fliortdaid in 
clofing ; for being ufed in water, they would become ftiff, 
hard, unhandy to coil away, and liable to break in cold 
weather. 

In all cable-laid ropes, the proportion of the circum- 
ference is to the length of the ftrand in one round, as n is 
to 15; that is, if the circumference be 14^ inches, the 
length of the ftrand in one circumference is 19^ inches. In 
all nawfcr-laid rope, the proportion is as 12 to 16 ; that is, 
if the circumference be 7 inches, the length of the ftrand in 
one circumference is near 95. 

The ftrength of ropes depends on the hardening or well 
manufaftiiring, and not on the bare ftrength of the hemp ; 
for it ttreiij^thens through every ftage ; viz. when firft fpun 
into yarn it is little better than hemp extended ; when 
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twifted into ftrands, it fliortens and ftrengthens as above, 
and increafes in the fame manner when laid into rope* 

Where the diameter and circumference of one rope to an- 
other is as two to one, that is, where one rope is twice as 
big as another, the fquare of the diameter is as four to one ; 
which (hews, that one rope has four times as much yarn in 
It as the other, and conlequently is four times as ftrong, 
according to the different magnitudes. 

Cable-laid ropes (horten as five to three, and hawfer-laid 
ropes as three to two ; confequentlv the length of the yarn 
and ftrength will be accordingly ; that is, the ftrength will 
be in the yarn, after it is laid in the rope, as much as if the 
rope, maker, in fpinning, had allowed the fame quantity of 
liemp in two feet as he did in three feet, fo that the ftrength 
communicated by the procefs is two-thirds. 

A rope is the fame fize when laid as the yarns were before 
twitted ; fo that what the yarns arc lcffene(l by twitting it is 
made up by (hortening ; from which it is inferred, that the 
yarns arc always of an equal bignefs, fince the hemp is the 
fame at one time as at another, and not any way diminifhed. 

Were the ftrands fmgle, without being twifted one about 
another, the ftrength would then be only in proportion as 
the area of each particular ftrand is in itfelf ; but if the 
ftrands could poflibly be twifted fo as to be diredly perpen- 
dicular to the bafe, the ftrength would then be found, by 
multiplying the diameter of the ftrands and tlje diameter of 
the whole rope one into the other, and the half of the pro- 
duft would be the ftrength of the faid llrands ; but more 
particularly take the area of the fingle ftrand and area of the 
whole cable, and add them together, and the half of that 
will Ihew the ftrength of each ftrand when they are well 
twifted together. 

But as It may be obferved the ftrands lie at a certain angle 
between a perpendicular and the bafe, fo that, as the angle 
of incidence is to radius, fo is the relative to the abfolute 
ftrength. 

Refpefting the Banding of Cordage.^li\ the calculations 
fpecifying the weights of the different lengths of cordage, 
Uich weights are to be confidcred as the neat weights of tlie 
rope without bandage. 

N. B. To every hundred weight of cordage the manu- 
fafturer is allowed to put on four pounds weight of bands ; 
thofe bands are compofed of the (bakings, flyings, an(l 
ftrings with which the hemp is tied together, formed into an 
inferior kind of cordage ; but it is to be obferved tbofe are 
all weighed to the rope.makers as good hemp, and paid for 
accordingly, therefore if he was not allowed to apply the 
refufe to fuch purpofe, he mull either put a higher price on 
his cordage, or be a very confiderable lofer. At the fame 
time it fliould be confidered, that as it is neceffary that every 
coil of rope fliould be bound together for the convenience of 
carriage, ftowage, 3 cc. this Itind of bandage anfwers 
fuch purpofe in every degree, as well as if the coils were 
bound with bands made from the beft hemp. 
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Table I. 

fizcs of Yarn arc warped 336 Ihroads, and from 19 are* warped 400 Tlireads in a Hawl. 


"Weight of one! lib. o*. dr. II). or. dr. lb. 


50 0 4 II 5 47 2 43 6 4 00, 3 12 5,3 10 3 37 10 135 5 


63 o J >3 3 58 o J3 6 4 ly 31411 ^'4 8 o ; 4 4 14 j 4 2 o | 3 ly 6 

to to to to to j to to to I to 

64 o yi4 2 58 14 54 3 y O 0I412 3^4 8n;4y 9:42 10 I4 o o 


A < thread 200 fa- V j o O 411 5 47 

thorns long, j 

f One-tarred “] ^ ^ ^ 

I thread 200 ftt- ( ^ 3 ^ 5 3 5 ^ 

5 J thorns long > tO tO to 

I {hould weigh I 640 5 14 2 58 

from J 

o,,;Io ..ojo. 

C < fliouW weigh f I 

t from J O 5 O O 4 ni O 4 

-1-"" C. qr. lb. r.,r. 

1 tarred. J ‘5 o « '4 0 13 * 3 ' 


'Weight of etch •)' *8 2 7 *7 1 2 y i6 2 o jiy 2 ly 17 2 20 if> 3 9 ly 3 19 jiy 1 14 114 2 2 y 14 o if. 

hawl when > to to to | to to to j to 

^ tarred from J |l8 3 O 17 2 16 16 2 18 jI5 3 4 17 3 12 17 O O |l6 O 9 jif 2 j '14 3 I f I4 I 4 


20 

! ! 

07 . 

At. 

i It., 

0/,. 

(I). 

IK. 

0 

0 

!3 

12 

5 

; ^ 


3 

1 

' 4 

1 1 

S 

! 4 

to 



to 


I 

0 

0 

I 4 

12 

3 

' 4 

1 

3 


; 0 

3 

12* 

I2:j: 

! ^ 

to 



to 



4 

0 

0 

3 

^3 

0 

qr. 

r.). 

r. 

qr. 

IK 

('. 

0 

4 


2 

i 

12 

2 

20 

16 

3 

9 ' 


to 



to 

1 


3 

12 

*7 

0 

0 1 

16 


3 3 3 


4 I5i o 4 loi 04 6J o 4 21 0 3 isi O 3 12^1 0 3 C) 3 7 I o 3 4J, o 3 z } 

to to to j to to to j to to j to to j 

5 o o 4 iii 0 4 6J|0 4 3^0 4 o o 3 13 o 3 o 3 7 ^ 0 3 54> 3 3i 


N. B. The calculations of B and C will be found extremely ufeful, provided the yarn in* {pun and tarred regular, as 
by weighing one fingle yarn, or even ten fathoms, ihefize of the yarn may be afcerlamcd, without being at the trouble 
of weighing the hawls. 


Tablk IL 


Shewing the Number of Threads to work per Hook for threc-ftrand cable-laid Cordage of 6, 12, 18, and 24 Inchc. 
in Circumference, of the undermentioned Sizes of Yarn, with the Girt of each Strand, and Weight of iMch Cable : 
aUb the Number of Men required to lay both Strands and Cable, with the Allowance to each Man for his Labour. 



• Six threads arc called a quarter of a day’s work, for which cacl. workman is paid and fo on in proportion for a 

greater or 1 'fs number. 


Remarks and Dire 8 tons how to apply Talks I. and IT. 

Suppofc a cable of 12 inches in cin: mference 
is wanted to be made, the bawls of yarn out of which, upon 
examining the weights, are found to w^igh 1 6 cwt. 2 qr. 1 olb. 
per hawl of 3 36 threads. A reference is to hr made to 1 ab.e 
I. lineE, and the weight, being between i^jcwt. 2 qr.olb. 
and 16 cwt. 2 qr. 18 lb. will be found to anCwcr tvi 1 R-tnread 
yarn. Then look down the iS-tliread column. Table IL, 
and upon the line of J2, (the fizc in the mar nn,) i«; found 
80 threads per hook, which is the number of threads to be 
laid up /<rr hook for the cable to be made of the weight /irr 
hawl of yarn of 336 threads above fpecified. r r > 

Again, if the hawls of yarn fhould be tarred of iuen a 
weight (fay for example) requires to be worked between a 


17 and an i^-thrcad yarn, in fuch cafe take the number of 
threads ptr hook to be worked for the lize of the cable de- 
mand<-d, a.s fhould V)e worked both for 17 and 18-thread 
yarn ; add them together, and take half the number of 
threads fo added, to work prr liook for tlie cable ; but if 
there fhouM liapi'en in dividing to be an odd thread remain- 
ing, you mull obh rve to which fide the weight of your 
hawl of yarn is rr.nfl inclining, and throw the tlircad in dif- 
pnte to the hcavieil fide. The fame rules mull be obferved 
in confuhing all th** following tables. 

Re^narh, — In laying three-llrand cabledaid cordage, if 
you are in doubt relpc^^^ing the fr/e of your yarn, you miift 
girt the yarn you purpole laying in one llrand, and that 
fhould be half the fize of your cable. 

In hardening the flrands in the laying of cablc-hiid 
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cordage, you muft work with (in addition to your (ledge) 
one prcfe-barrel to every 20 thread# contained in your ftrand j 
but in laying the ftrand, hardening, and laying the cable, 
you muft have only one prefs-barrel to every 40 threads con- 
tained in your ftrand or cable. The above is to be confidered 
as a ftanding rule in covered rope-grounds, but in open 
grounds, the prefs muft be varied according to the ftatc of 
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the bottom of the ground, which, after a (hower of rain, or 
in damp weather, will be naturs^y foft, and occafion the 
(ledge to draw exceedingly heavy, and of courfe want the 
lefs weight of prefs. 

N. B. The weight of a prefs-barrel (hould be from 3 J to 

4 cwt. 


Tabls hi. 

Shewing the different (hrinking Proportions of the Yarns and Strands in each Procefs in making the undermeationed 

Lengths of Cable. 


Lengtli in 
fatlioint oF 
cable. 


Length 
of yarns 
required lo 
be warped. 


fii hardening the (Irands, 
the yarn will lhrinkl> 5 th 
pari of the whole length 
warped f and is called the 
llraiid’s hardening mark. 


Inlaying the ftrands, 
the (Irand will (hrink 
1 -lOth part of the whole 
length warped I and is 
called the iliandS going 
diflaiice. 


In hardening the cable- 
ftraudf previous to laying 
the cable, the ftrands 
will {hrink 1 -30th part 
of the whole length 
warped, and is called the 
cable's hardening mark. 


In laying the cable itwili 
(brink I -1 5ih part of the 
whole length warped, 
which brings it to the 
length required. 


The Sledge (hould move up to the following Diftances from the Tackle-Pofts. 



fms. 

firi!.. 

ft. 

fms. 

ft. 

\ Cable 

40 

66 

4 

53 

2 

1 

60 

100 

0 

80 

0 


80 

^33 

2 

106 

4 

Whole 

1 120 

200 

0 

160 

0 


fms. 

ft. 

fms. 

ft. 

ill. 

fms. 

46 

4 

44 

2 

8 

40 

70 

0 

66 

4 

0 

60 

93 

2 

88 

5 

4 

80 

140 

0 

1 *33 

2 

0 

120 


Table IV. 


Shewing the Weights of three-ftrand cable-laid Cordage. 



fins. 

3 -Iiich Cable. 

()-Iiich Cable- 

9-Inch Cable. 

12-liich Cahk 

i6-lnch Cable. 

iS-Iiich Cable 

21 -Inch Cable. 

24 -Inch Cablc> 

!, Cable 

40 

C;. qr. lb 07 
03 00 

C. 

3 

qr. lb. 0/.. 

000 

C, qr. lb. 0*. 
63 00 

C. qr. lb. oz. 
12 0 0 0 

C. qr. 

*8 3 

lb. 01. 
0 0 

C. qr. lb. oz. 
27 0 0 0 

C. qr. lb. oz. 
36 3 00 

C. qr. Ih. oz. 
48 0 0 0 

1 

-T 

60 

I 0 14 0 

4 

2 0 0 

10 0 14 0 

18 0 0 0 

28 0 

14 0 

40 2 0 0 

55 0 14 0 

72 0 0 0 

3 

80 

1 2 

0 0 

6 

000 

13 2 00 

24 0 0 0 

37 2 

0 0 

54 0 0 0 

73 2 00 

96 0 0 0 

Whole 

120 

2 I 

0 0 

9 

000 

20 1 00 

36 0 0 0 

56 I 

0 0 

81 0 0 0 

110 I 00 

144 000 


It is ncceflary to be underftood, that in rope-making 
(according to the nature of the rope), weight will give fize, 
and fize will give weight, if properly made. 

Ru/e , — To calculate very nearly the weight of any fized 
rope from 3 to 24 inches in circumference, 1 20 fathoms long, 
and leffer lengths in proportion ; as may be readily proved by 
the above table, viz* multiply the fize of the rope by itfeli, 
and one-fourth of that product is the weight of a hundred of 
112 pounds. 

Example , — 'Suppofethe rope 12 inches in circumference; 
1 2 X 12 :: 144, the fourth ot which is 36 hundred weight, or 
3732 pounds, the weight of 120 fathoms of rope 12 inches 
in circumference. Again, 40 fathoms is the third of 120 
fathoms ; and the third of 36 cwt. is 1 2 cwt. the weight of 
40 fathoms of 12-inch cable, as above. 

DireSions how to apply the following Tables, 

In which is confidered the four moft principal forts of 
yams made ufe of in cable-laid cordage, viz, 16, 18, 20, 
and 25-thread yam, and in hawfer-Taid cordage, to the 
three principal (brta of yam made ufe of, viz, 18, 20, and 
25-thread yarn, as it is very fcldom any other fize yarn is 
made for either cable or hawfcr-laid rope, except very par- 
ticularly ordered to the contrary. The particulars of every 
rope of the fixes mentioned in tne tables are fully explained 


to the length of twenty fathoms, which will be found 
quite a fumcient guide for a rope of any length required ; 

jIs for Example,-- Suppofe I want a taper cable-laid rope 
to be made out of 1 6-thread yarn, 60 fathoms long, and 
6 inches in circumference, to be tapered jds the length, 
and 4ds the fize of the rope. I refer to Table V., and 
find under the figure 6, (the fize demanded,) that it muft be 
worked 5 threads per hook in the (hank, the length of yam 
to be warped for which, for 20 fathoms (I find in the margin) 
requires to be 33 fathoms 2 feet, three times which is 100 
fatl loms, the length of yarn required to be warped for the 
(hank of a rope of 60 fathoms long. I then obferve, in the 
next column on the right in the margin, the length of yarn 
required in the head for 20 fathoms is 1 1 fathoms o feet 
8 inches, three times which is 33 fathoms 2 feet, the length 
of yarn required in the head to the firft taper for a rope of 
60 fathoms. Next refer to the number of tapers to be 
worked, which, upon looking under the figure 6, (the fize 
demanded,) I find to be 9, the diftance between them 1 find 
(upon cafting my eye down the column) to be 14 feet 7.}. 
inches for 20 fathoms, three times which is 44 feet 54 
inches, the diftance to be obferved between the tapers for a 
rope of 60 fathoms, being the length demanded. The fame 
rule is be obferved, either adding or multiplying, according 
as required in all the tables of a fimilar deferipuon. 







lewiBZ the Number of Threads to work per Hook, both in the Shank and Tapers, lu tnakui^* tni-ee-ilraad taper cable-laid Cordage of the following 
Sizet» and the Lengths thereto prefixed, with the Lengths of Yarn required to be warped for the fame, and the Dlltance to be obferved between the Tapers ; tor 
i6f i8, 20, and 25 .thread Yarn* 

To Taper two-thirds the Length, and two-thirds the Size of the Rope 
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To Taper half the Length and half the Size of the Rope. 
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Tarlk VI. 

Shewing the Number oi Threads to work per Hook and Heart for cable-laid Stays, four Strands and a Heart, of 
I5> and 19 Inches in Circumference, of the undermentioned Sizes of Yarn, with the Girt of each Strand pre- 
fixed againil each Size. ^ 


Number of Threads 
afunder to weiph from 
99 to lOOlb. 

16 

n 

18 

*9 

20 

21 

22 

23 

24 

25 

Sire in 
Inches. 

Girt of each 
Strand. 

Threads per Hook and Heart. 


s 

7. *• 

* n 

9 

9 

10 

11 

11 

12 

12 

>3 

^3 

H 

10 

4 l 0 

35 : 

37 

.^9 

41 

43 

46 

48 

50 

52 

55 

15 

6i 1 

79 

84 

89 

94 

99 

104 

109 

II4 

119 

124 


8 ; i 

127 

135 

H3 

15 ^ 

^59 

167 

^IS 

183 

191 

199 


The (hrinking proportions of cable-laid (lays arc exactly heart of the ftay to encompafs, occafions the firands to 
the fame as in three-ftrand cable-laid cordage, except in the ihorten in a much greater proportion than in threc-ftrand ca- 
clofing the ftay, which being compofed of four ilrands, lie ble-laid cordage. The ftay, in clofing, will ihorten parts 
much clofer in the rope than three ftrands, and having the of the length of yarn fir ft warped. 


Table VII. 

Shewing the Weight of cable-laid Stays, four Strands and a Heart, from 5 to 19 Inches in Circumference, and from 

5 to 30 Fathoms in Length. 


Fathoms in 
Length. 

5 

-Inch Stay. 

7 -Inch Stay. 

y-Inch St.ty. 

1 1 -Inch Stay. 

1 j 

-Indi Slay. 

15-Iiicir Stay. 

17-Iiifb Slay. 

1 9-Inch Stay. 


c. 

qr 

lb. 

0 /. 

C. qr 

lb. 

0/, 

cT 

qr. 

11). 

0/. 

C. qr. 

Ib. 

0/. 

c. 

' 1 ‘- 

lb. 

<>/. 

C. 

qr. 

lb. 

07 .. 

C. qr. 

lb. 

07 . 

C. qr. 

lb. 

07. 

s 

0 

1 

3 

9 

0 2 

4 

5 

0 

3 

16 

10 

I 1 

9 

1 1 

I 

3 

17 

2 

2 

2 

2 

3 

3 

25 

9 

4 0 

7 

10 

10 

0 

2 

7 

2 

I 0 

8 

10 

I 

3 

5 

4 

2 2 

19 

6 

3 

3 

6 

4 

5 

0 

4 

6 

6 I 

23 

2 

8 0 

*5 

4 

15 

0 

3 

10 

II 

I 2 

12 

15 

2 

2 

21 

H 

4 0 

1 

1 

1 5 

2 

23 

6 

7 

2 

6 

9 

9 2 

20 

11 

12 0 

22 

H 

20 

I 

0 

H 

4 

2 0 

‘7 

4 

3 

2 

10 

8 

5 1 

10 

12 

7 

2 

12 

8 

10 

0 

8 

12 

12 3 

18 

4 

16 1 

2 

8 

25 

1 

1 

^7 

*3 

2 2 

21 

9 

4 

i 

27 

2 

6 2 

20 

7 

9 

2 

I 

10 

12 

2 

10 

15 

16 0 

*5 

L 3 

20 1 

10 

2 

3 «> 

I 

2 

21 

6 

3 0 

25 

H 

5 

I 

J 5 

12 

8 0 

2 

2 

11 

I 

18 

12 

*5 

0 

13 

2 

1 

19 I 

13 

6 

24 I 

17 

12 


Table VIII. 

Shewing the Number of Threads to work per Hook for four-ftrand cable-laid Cordage without a Heart, from 
5 to 24 Inches in Circumference, of the Sizes of Yarn undermentioned, with the Weight of each Cable prefixed. 


No. of Threads 
weighing from 
09 to lOOlb. 

16 

»7 

18 

19 

20 

a. 

22 

23 

24 

»5 

Weight of each 
Cable 120 

Fai horns long. 

Si/e in 
Inches. 


Threads /rr Hook. 



C. qr. lb. 

6 2 10 

$ 6 

58 3 0 
104 1 9 
150 1 2 

5 

JO 

>5 

20 

*4 

9 

3B 

B 5 

152 

219 

10 

40 

9 * 

162 

233 

10 

42 

96 

171 

247 

11 

45 

lOI 

181 

260 

12 

47 

107 

190 

274 

12 

50 

112 

200 

288 

*3 

52 

118 

209 

301 

*3 

54 

*23 

219 

315 

H 

128 

228 

3*9 

>5 

59 

»34 

238 

345 
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Table IX. 


ROPE 


Shewing the Length of Yarn required to be warped, and the different fhrinktng Proportion! 
in making the undermentioned Lengths of four>llrand cable-laid Cordage. 


Ftthomt 

demaudfd. 

Lengths of Yirn 
warped. 

Strand's Hardening 
Mdik. 

Strand's Going 
Diftance. 

Cable’s Hardening 
Mark. 

Cable'i 

Length. 


fmt. ft. 

in. 

fms. 

ft. 

in. 

fins, ft. 

in. 

fina. fi. 

in. 


10 

17 0 

6 

»3 

4 

0 

” s 

9 

11 2 

4 

10 

20 

34 « 

0 

*7 

2 

0 

*3 s 

6 

22 4 

8 

20 

40 

68 a 

0 

54 

4 

0 

47 5 

0 

45 3 

4 

40 

60 

102 3 

0 

82 

0 

0 

7 * 4 

6 

68 2 

0 

60 

80 

*36 4 

0 

109 

2 

0 

4 

0 

91 0 

8 

80 

120 

205 0 

0 

164 

0 

0 

143 3 

0 

136 4 

0 

120 


N.B. The (hrinking proportions of four-ftrand cable-laid 
cordage is exa^ly the fame as tkree-ftrand, except in doling 
Uic cable, which confiiling of four llrands, lie mucn 
clofer in the rope than three nrands, but not having a heart 
to encompafi it, does not diminilh in length fo much as 
cable-laid ftayi. The cable in clofing will (horten tVV 
of the length of yarn firll warped. 

It being rather unufual to lay cables with a greater num- 
ber of llrands than four, the above tables are not laid down 
for a greater proportion, — but to know how to find the 
number of threads to work per hook for a greater number 
may at fomc time be neceffary, therefore the following me- 


thod mud be purfued to lay a cable in as many (irands as 
may be thought expedient. Suppofe a five-llrand cable-laid 
rope IS wanted to be made, you firil fquare the fizc 
of the rope propofed to be made, and multiply that pro- 
dud by the fize yarn you mean to make your cable from, 
that produd divide by 52, and the quotient will be the 
number of threads to work per hook for a five-ftrand 
cable-laid rope. If for a fix-llrand, proceed as before, 
and divide by 62 ; for a feven-ftrand, divide by 72 ; for an 
eight- llraiid, divide by 82 ; and fo on, adding 10 to your 
divifor for every ftrand you mean to increafe in number in 
your cable. 


Table X. 

Shewing the Prime Coft to the Manufadurer in each Procefs, in making the undermentioned Sizes of 
three-ftrand cable-laid Cordage, with the Weight of Hemp and Tar required for each Rope. 


Size. 

Hatcheiling, 
Wheel-turn- 
ing, and 
Tending. 

Expence 
at ScLper 
Quarter 

Spinning. 

Expence 

•t yd.per 

Quarter. 

Warping, 
Taking-up, 
and Tarring, 
at 95. per 
Hawl. 

Laying at 7 d. 
per Quarter. 

Total Expence 
of Manufac- 
turing into 
Cordage. 

Weight of 
Hemp re- 
quired for 
each Rope. 

Weight of 
Tar required 
for each 
Rope. 


qr. thds. 

L . t . d . 

qr. thds. 

Zrt s . d . 

L. 5. d. 

L . 5. 

d. 

L. r. d. 

C. qr. lb. 

C qr. lb. 

5 


039 

3 

0 13 1 

0 

et 

0 

0 ly 

5 

I ly 

500 

I 1 0 

10 

3 * 

0 IJ 7f 

93 4 i 


0 12 1 

2 6 

1 

6 8 y 

20 0 0 

500 

»s 

70 3 f 

« >5 35 - 

21 1 Si 

<>3 4 

I 7 3 

5 *7 

10 

i; 3 " 

45 0 0 

11 1 0 

20 

125 0 

3*6 

375 0 

10 18 9 

282 

11 18 

J 

28 7 y 

80 0- 0 

20 0 0 


iSo 0 

4 10 0 

540 0 

15 ly 0 

395 

ly u 

6 

39 5 »> 

115 0 23 

*8 3 y 


The above table is calculated according to the ufual 
mode of rope-making, and is termed by the trade work- 
ing by the fquare, which is performed in the following 
manner : Suppofe a cable 15 inches in circumference, 
the fquare of 15 is 225, the half of which is iiai; 
that is, 113 threads per hook mutt be laid up for 
a 15-tnch cable, proceeding in the fame manner for 
any iize demanded, which mode of working anfwers to 


fixteen-thread yarn in all fizes of three-ftrand cable-laid 
cordage. 

Where the diameter and circumference of one rope to an* 
other is as 2 to I, that is, where one rope is twice as big as 
another, the fquare of the diameter is as 4 to i, which 
fhews that one rope has four times as much yarn in it as the 
other, and confequently is four times as ftrong, according 
to the difterent magnitudes. * 
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Table XL 


Shewing the Number of Thread* />«• Hook to work for three-ftrand hawfer-laid Cordage, of 3, 6, 9, and 12 Inches 
in Circumference, of the Sizes of Yam undermentioned, with the Weight of each Rope, and the Number of Men ' 
required to lay the fame, with the Allowance to each Man for hie Labour. 


N® of 
Threads 99 
to 100 lb. 
Waight. 

16 

»7 

18 

>9 

20 

21 

22 

23 

24 

25 

Wright of each 
Rope lay. ‘2 
ItlDR. 

Met! for 
hope. 

Threads 

p*') 

Size in 
Inches. 




Threads per Hook. 




r. qr. 11). 

2 2 17 

10 2 12 

23 1 13 

42 I 20 



3 

6 

9 

12 

16 

64 

144 

256 

17 

68 

>53 

272 

18 

72 

1^2 

288 

>9 

76 

171 

304 

20 

80 

180 

320 

21 

84 

189 

336 

22 

88 

198 

352 

23 

92 

207 

368 

24 

96 

216 

3«4 

25 

100 

223 

400 

8 0 

22 0 

37 0 

45 0 

6 

h 2 

‘5 

«5 


Remarks, — In hardening the llrands, and in laying 
hawfer-laid cordage, it muft be worked with (in addi- 
tion to the weight of tlie fledge) one prcfs-barrel for 
every twenty threads contained in the rope. This is to be 
coufidcred as a Handing rule in covered rope-grounds, 
but in open grounds the prefa muft be varied according 


to the Hate of the ground, as mentioned in cable-laiJ 
cordage. 

In laying threc-ftrand hawfer-laid cordage, if there is any 
doubt refpefting the fixe of the yarn, you mult girt the 
yarn vou propofe laying in two of your readys (or llrands)^ 
and that fliould be juft the fize of the rope. 


Table XJ Is 

Shewing the Length of Yarn required to be warped, and the different fhrinking Proportions of the Yarn in each 
Procefs, in making the undermentioned Lengths of hawfer-laid Rope, and alfo the Weight. 



Fathoitib 
of Rttpe 
in 

Length. 

Length 
of Yarn 
to he 
warj)ed. 

The Sledt't Oiould 

move to the fi llow- 
inp INlaiks Iromthe 
Tackle-Rofts. 

jf-Inrh. 

1 j-Inch. 

2-Inch. 

4 -Inth. 

6-Incb. 

8 'Inch. 

lO'Incli. 

l‘2'(neh. 

R( pc’s 
Harden- 
ing Mark. 




Weight. 

Weight. 

Weight. 

W'vighl. 

Weight. 

Weight. 


IWli. ft. 

fins. 

fin.s 

fins. ft. 

qr. lb. 0/. 

qr. lb. OZ. 

C.qr 11 ). OZ. 

t.qr. lb. OZ. 

(’. qr. lb. OZ. 

qr. 11). 0/. 

< (p*. lb. OZ, 

( . qr, lb. OZ. 


10 0 

15 

12 

10 0 

0 2 7i 

0 4 15 

00 9 I4j 

oil] <4 

0 a 5 M 

1 1 IK 6J 

2 0 23 8 

3 0 20 6 


20 0 

30 

24 

20 0 

0 4 1.5 

0 9 4 

0 0 10 12] 

0 2 23 a 

1 2 10 a 

2 3 B \'l\ 

4 1 19 0 

6 I 12 12 


40 0 

60 

48 

40 0 

0 9 14 

0 19 19 

0 111 9 

1 1 18 6 

3 0 20 6 

5 2 17 9* 

H a 10 0 

li 2 25 8 

Half? 
toil \ 

06 4 

100 

80 

66 4 

0 16 8 

1 5 0 

0 2 10 0 

2 1 12 0 

5160 

9 1 20 0 

14 2 26 0 

21 0 24 0 


80 0 

120 

■ 1 

80 0 

0 19 19 

111 8 

0 2 23 2 

2 3 K 12 

6 1 12 12 

11 1 7 2. 

17 2 20 0 

25 1 23 0 


100 0 

i:.« 


100 0 

0 24 11 

1 21 6 

0 3 14 14 .j 

J 2 3 15 

1 7 3 22 15 

14 0 15 14] 

2Z 0 11 0 

31 3 7 


120 0 

180 

144 

120 0 

1 1 10 

2^4 

10 6 11 

1 0 26 2 

9 2 5 2 

Ifj 3 21 11 

Z6 2 2 0 

38 0 20 8 

1 

Uliole } 
Coil 5 

l;)3 2 

QOO 

160 

133 2 

1 3 0 

1 

0 

0 

1 0 20 0 

4 2 24 0 

10 2 12 0 

|18 .1 12 0 

29 1 24 ; 

;2 1 20 0 


Rmarks.-ln hardening the flrands the yarn wiU (brink one-fifth of the whole length, which is called the rope’s 
*’*I^'hpng*5ie rope the ftrands will (brink one-hxtb of the remaining diftance, which brings the rope to the length 
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Table XIII. 

Shewing theexaft Coft to the Manufafturer in each different Proccfsas undermentioned, in making the following 
Sizes of three-ftrand hawfcr-laid Cordage, with the proper Proportions of Hemp and Tar neceffary for each Rope. 


Si/e in 

Hatchel- 
in^, Wlicfl 
tununt* , 
and Tend 

Ex pence »t 
(id. per 
Quarter. 

Spinning. 

Kxpeuec at 
7d. per 
Quarter. 

VVaqjin^;, 
Taking-up, 
and Tarring 
Kxpence at 
95 per Haw!. 

Lajing Ex • 
pence at 7rf. 
per Quarter. 

Ti>tal K' pence 
of inanufac- 
tunni;^ into 
Cordage. 

Weight of 
Hemp re- 
quired for 
each Hope. 

Weight ol 
Tar required 
for e:ic!t 
Kope. 


(ir. tlul'i. 

s. 

d. 

qr. iluU. 

L. t 

d. 

L. t. d. 

L s. 

d. 

L. s. d. 

(', qr. Ih. 

(’. qr. |l>. 

2 

J 4 

0 0 

ro 

5 ' 

0 2 

1 1 

0 

0 

♦ah- 

0 I 

9 

0 6 ! I. 

0 3 22 

0 0 26 

4 

6 4 

0 3 

4 

20 0 

0 II 

8 

027 

0 7 

0 

1 4 7" 

3 3 23 

0 3 21 

6 

15 0 

0. 7 

6 

45 Q 

1 6 

3 

058 

« s 

8 

351 

8 1 27 

2 0 13 

8 

26 4 

0 13 

4 

80 0 

2 6 

8 

0 10 3 

I 13 

0 

5 5 3 

15 0 10 

3 3 2 

10 

41 4 

I 0 

10 

125 0 

3 1* 

1 1 

0 16 I 

3 5 

7 

8 15 5 

23 2 10 

5 3 H 

12 

60 0 

I 10 

0 

iHo 0 

S 5 

0 

I 3 2 

3 5 

7 

”39 

33 3 22 

8 I 26 


The foregoing table is grounded (as termed by the fquare of 6 is 36, and twice 36 is 72, which is the number 
trade) upon the principle of the fquare, but the method of of threads to work per hook for a fix-inch three- llrand hawfer- 
working upon this principle differs between cable and hawfer- laid rope. The lame method mull be purfued, according to 
laid cordage. The mode purfued for making hawfer-laid this way of working, for arjy other lize, and anfwers to 
cordage is as follows : Suppofe it is w’anted to make a three- eighteen -thread yarn in all three-llrand havvfer-laid cordage, 
llrand hawfer-laid rope, lix inches in circumference ; the See Table XI. 


Table XIV. 

Shewing the Weight of Yarn (of the four moll genefal Sorts inadeufe of) capable of being fpun ])y each of the 
following Number of Spinners, at eight Quarters, (or 48 Threads) per day, in l Day, i Week of 6 Days, 
I Month of 24 Days, and i Year of 13 Months; with the Yield of Cordage at the Year's End prefixed againll each 
Number of Spinner^a Work. 


Ntimi). of 

Weight of Yam 

Weight of Yarn 

Weight 

of Yarn 

Weight of 

mil 

A- 1 1 

Spinncr*> for 

per Day. 

pel Week. 

per f.lonth 


pfr Yt’rir. 





Cwt. 

qrs. 

Ihs. 

C'wt. 

qrs. 

ihs. 

Tons, 

cwt. 

qrs. 

Ihs. 

Tvjns. 

« wt. 

(ps. 

lbs. 

Tv)IIH 

cut. 

qis. 

Jhs. 

£ 

" 2 


1 

20 

20 

2 

8 

4 

2 

1 

4 

63 

9 

0 

22 

06 

17 

0 

10 


4 

() 

J 

12 

41 

0 

16 

8 

4 

*2 

8 

100 

19 

1 

20 

1 t,) 

14 

1 

4 


6 

10 

1 

4 

01 

•2 

24 

12 

0 

3 

12 

100 

9 

0 

J6 

200 

1 1 

1 

VO 

0 

8 

13 

2 

21 

82 

1 


16 

9 

0 

16 

213 

IS 

3 

11 

Of,; 

R 

2 

8 

•6 

'to 

17 

0 

16 

102 

3 

12 

20 

1 1 

1 

20 

*>07 

8 


8 

3 M 

6 

2 

24 

VC 


•20 

'2 

ft 

123 


20 

24 

13 

2 

24 

3 20 

18 

1 

4 

401 

2 

3 

1 1 

c 

r 2 

3 

0 

0 

IS 

0 

0 

3 

12 

0 

0 

46 

16 

0 

0 

68 

10 

0 

0 


4 

6 

0 

0 

36 

0 

0 

7 

4 

0 

0 

93 

12 

0 

0 

117 

0 

0 

0 

ry 

0 

9 

0 

0 

!)4 

0 

0 

10 

16 

0 

0 

HO 

8 

0 

0 

175 

10 

0 

0 

3 i 

8 

12 

0 

0 

72 

0 

0 

14 

8 

0 

0 

187 

4 

0 

0 

2J1 

0 

0 

0 


10 

1 ^ 

0 

0 

90 

0 

0 

18 

0 

0 

0 

234 

0 

0 

0 

29 » 

10 

0 

0 

UCi 

tl<2 

17 

0 

0 

108 

0 

0 

21 

12 

0 

0 

2 80 

16 

0 

0 

061 

0 

0 

0 

fc 

r ^ 

2 

0 

4 

JO 

2 

24 

3 

3 

3 

12 

4 3 

9 

0 

10 

66 

,j» 

1 

20 

iS 1 


b 

2 

8 

33 

1 

20 

6 

7 

2 

2 4 

86 

lb 

\ 

4 

1 1 1 

0 

3 

12 

"« < 

1 b 

8 

1 

12 

bo 

0 

10 

9 

11 

2 

8 

J.tO 

7 

1 

20 

106 

3 

1 

4 

z ^ 

1 

11 

0 

16 

06 

.1 

12 

J 2 

15 

1 

20 

173 

JO 

0 

8 

2 22 

1 

2 

24 


10 

13 

3 

20 

81 

2 

8 

1 ■> 

19 

1 

4 

2 1 7 


2 

2 1 

277 

4 

0 

16 

6 1 
c« 

Li2 

10 

2 

24 

100 

1 

4 

19 

3 

0 

16 

260 

1 ; 

- 

J’J 

irVi 

6 

ijl 

8 

c 

u m 

f 

2 

0 

2« 

13 

0 

20 

2 

12 

2 

24 

04 

6 

1 

4 

42 

16 

2 

12 

R j 
> 

1 : 

4 

1 

1 

2 

16 

10 

26 

3Q 

1 

2 

1 . 

4 

5 

7 

5 

18 

1 

0 

20 

16 

OS 

102 

10 

16 

-t 

c 

12 

86 

1 2S 

lO 

9 

0 

3 

24 

8 

S 

« 

8 

3 

4 

yi 

2 

24 

10 

]() 

3 

12 

ivi7 

1 

0 

10 

171 

6 

1 

20 


1 10 

10 

3 

26 

65 

3 

If) 

13 

3 

2 

8 

171 

6 

1 

20 

214 

3 

0 

4 

c» 

Li2 

13 

0 

20 

79 

0 

6 

1.5 

16 


4 

O") 

1 1 

«2 

J 1 ' 

266 

19 

2 

16 


N.B. By the above table may be found how much yarn can be fpun by any number of fpiniiers in any given time whatever. 
































Tapered half tht Length and half the Size of the Rope. 
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ROPE 


Suppole you want to make a rope either cable or haw- 
ler-laidj to be tapered one-third the length, and one-tlurd 
the fize ; you mull refer to Table V. or XIV for making 
taper-cable, or hawfer-Iaid cordage, two-thirds the length 
and two-thirds the fize, which you muft work almoft wholly 
the reverfe way, by working the number of threads there 
mentioned to be worked in the tapers in the (hank, and the 
number of threads in the (hank mult be worked in the ta- 
pers ; the length of yarn there mentioned to be tapered mud 
be the length in the head to the firtt taper, and the length 
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there mentioned in the head muft be the length of the yarn 
to be tapered: the length of yarn requefted to be warped 
for the (hank will be the fame as then mentioned, and the 
diflance between llie tapers will, in alrnoll all cafes, be the 
fame as there nominated ; but if at any time there (hould be 
a difference, and you are at a lofs to find the diflance be- 
tween the tapers you muft divide the length of yarn to be 
tapered by the number of threads you have to taper, and 
that will give the cxadl dillance between them. 


Table XVI. 


Table XVII. 


Shewing the Number of Threads to work per Hook for four- 
(Irand hawfrr-laid Cordage, from 2 to 12 Inches ia Circum- 
ference, of the Sizes of Yarn as undermentioned : the Ropes 
to be laid without Hearts, the Yarns comprifing which being 
equally divided in the Strands. 


Shewing the Length of Yarn requefted to be 
warped for the undermentioned Lengths of 
four-ilrand hawferJaid Cordage, with the 
Hardening Mark prefixed againft each relpeftivc 
Length. 


No. of 
Threads 
here men- 
tioned to 
weigh yy to 
lOOlb. 

Size in 
Indies. 

16 

17 

18 

>9 

20 

21 

22 

23 

24 

25 




Thrcittls per Hook. 




2 

5! 

6 

6 

6 

7 

7 

7 

8 

8 

8 

4 

22 

23 

24 

25 

26 

27 

29 

30 

32 

33 

6 

48 

5 ' 

54 

57 

60 

63 

66 

69 

72 

75 

8 

84 

1 90 

96 

101 

107 

112 

117 

122 

128 

>33 

10 

>33 

i >42' 

150 

158 

167 

175 

>83 

192 

200 

208 

12 

192 

|204 

216 

228 

240 

2J2 

264 

276 

288 

300 


Filthoms 

dcinunded. 

Length of Yarn 
requiitd. 

Hardening Maik. 


lins. 

ft, 

in. 

fms. 

ft. 

in. 

10 

>5 

2 

6 

12 

2 

0 

20 

30 

5 

0 

24 

4 

0 

40 

61 

4 

0 

49 

2 

0 

60 

92 

3 

0 

74 

0 

0 

80 

123 

2 

0 

98 

4 

0 

100 

>54 

1 

0 

>23 

2 

0 

120 

>85 

0 

0 

148 

0 

0 

130 

200 

2 

6 

160 

2 

0 


Remarls * — It is very feldom that hawfer-laid cordage is 
compofed of more than four llrands, but for the fake of 
experiment, or otherwife, it might be demanded to contain 
a greater number : as fuch, the following rule, carefully 
attended to, will inform our readers how to lay a haw- 
fer-laid rope in as many llrands as may be confidered ex- 
pedient. 

Suppofe you want a five-ftrand hawfer-laid rope, you 
muft fquare the fize of the rope propofed to be made; that 
produA multiply by the fize yarn you propofe making 
your rope from ; the produ6t of which, divided bv 15, will 
give the number of threads to work per hook for a five- 
ttrand hawfer-laid rope If you want to make a fix-ftrand 
hawferJaid-rop' , you muft proceed as above, and divide 
by 18 ; if a feven-ftrand, divide by 21 ; if an cight-ftrand, 
by 24 ; and fo on, adding 3 to your divifor for every ftrand 
you nieau to mcreafe in trie rope. 

The fhrinking proportion in making four-ftrand hawfer- 


laid cordage, in the firll procefs, is cxaftly the fame 
as in three-llrand ; the only difference is in doling the 
rope, which, being compofed of four ftratids, occafions 
the rope to lay more round and clofe than in threc- 
ftrand cordage, which makes the fhrinkage be in a much 
greater proportion. The rope, in clofing, will Ihorten 
-I’fpth parts of the remaining length of yarn, after the 
rope is hard, inftead of ^th, as in three-llrand hawfer-laid 
cordage. 

The weight of each coil of four-ftrand hawfer-laid 
cordage may be nearly afe^rtained, by referring to the table 
of the weight of threc-ftmnd (Table XII. ), u.vre being as 
near the number of threads in each fize rope as can pollibly 
be laid, for each ftrand to have an equal number. But it 
Ihould be remembered, that a coil of four-llrand hawfer-laid 
rope, made out of 200 fathoms of yarn, will be only 1 30 
fathoms long, inftead of 133.2, as in three-llrand liawfer 
laid cordage. 
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Table XVIIL 

Shewing the ftirinking Proportions of the Yarn, in making the undermentioned Lengths of Bolt-Rope ; alfo its Weight 

(untarred), from i to 8 Inches in Circumference. 



iM Ktt- 

thoilIN <>i 

RofK <!<•- 
niuitilccl. 

Lf 

of Yarn 

r((|Uirrii 

in 

raihotnii. 

'j'lu Sledgf* 
rtiould move 
to ilie fol- 
lowing; Maikh 
from ilio 
TatkU'-Po(l, 
and ib caUed 
tine Rojic’s 
HardruinR- 
Mark. 

l>Inch. 

2-llKh. 

I 

1 

34iic)t. 

4'Incl». 

5-Inch, 

b-Inrh. 

; Inrh. 

S-Imh. 

Weight. 

Weight. 

Weight. 

Wiight. 

Weight. 

\Veight. 

Weight. 

Welglil. 

1 



Fms, feel. 

C ijr. lb. 02 . 1 

C.qr. lb. Of. 

qr. lb. Of, 

C.qr. lb. o.t. 

C. qr. lb. 1)7. 

C.qr. lb. 07. 

C.qr. lb. 01. 

C. qr. lb. 07.. 


10 

H 

114 

002 o 0 711 

0 O 16 12.f; 

01 1 54 

0 1 18 2 ^ 

0211 2 1 

1 0 3 6 10 

1 0 7 24 


20 


20 2 

0 0 0^0 0 IG 6 

0 1 5 94 ! 

0 2 2 llA 

0 3 8 5 1 

1 0 22 4 ! 

! 1 2 13 4 

2 0 14 5 


-JO 

.S6 

46 4 

0 0 10 1 

0 1 2 12 

0 2 11 U 

1 1 0 5 7 

1 1 2 16 10 

2 1 16 H 

3 0 26 8 

4 1 0 10 


60 

Hi 

70 0 

0 0 i:j li 0 1 18 2 

03 16 10* 

1 2 H ^ 

2 1 24 15 

a 2 JO 12 

4 J 11 12 

6 1 14 5 


bO 

IIU 

OJ 2 

0 0 20 2 

0 2 5 8 

1 0 22 a 

2 0 10 14 j 

a 1 5 4 

4 3 5 0 

6 1 25 0 

8 2 14 


100 

140 

nc 4 

0 0 25 2^0 2 20 14 

1 i 27 lU 

2 2 13 

4 0 13 0 

5 3 27 4 

8 0 10 4 

10 2 15 9 


120 

1G8 

140 0 

0 1 2 3 

0 3 8 4 

13 5 4 ’ 

3016 5 “ 

4 .1 21 14 

7 0 21 H 

9 2 23 8 

12 3 1 14 

Coll 

143 

200 

166 4 

0 1 8 0 

0 a 26 0 

2 0 16 0 

a a 0 0 

5 .3 16 0 

8 2 8 0 

11 2 8 0 

13 0 24 0 


Remark :, — In hardening the llrands, the yarn will (brink 
one-fixth part of the whole length, which is called the 
rope’s hardening mark. 

In laying the rope, the ftrands will (brink onc-feventh 
part of the remaining diilance, which brings the rope to the 
length required. 

N. B. Bolt-rope is ufually made of ao or 25-thread 
yarn, and generally delivered from the rope-maker white ; 


the procefs of tarring it being ufually performed by the 
fail-maker, and is called (loving it, it being done in a (love 
or oven calculated for the purpofe. In laying up your 
work, you mud work with the fame number of^ threads as 
in common hawfcr-laid cordage. Bolt-rope, for exporta- 
tion, is fometimes lightly tarred j in which cafe, in cal- 
culating the weight, you mull add one-fixth to the weights 
hereunto annexed. 


Table XIX. 


Shewing the Number of Threads to work per Hook for three-flrand hawfer-laid while Cordage, from 
I to 12 Inches in Circumference, of the undermentioned Sixes of Yarn, with the Weight of each 
Rope prefixed. 


No. of 
'riiic.nU 
hfie men- 
tioned 
fn ueigli 
88 lln». 

16 

17 

18 

*9 

20 

21 

22 

23 

24 

23 

Weight of each 
Rojk; 133.2 
Fathomt long. 

Si/e in 
Inehes. 

Threads per Hook. 

C. 

qr. lb. 












I 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

0 

1 12 

2 

S 

8 

9 

9 

10 

10 

10 

11 

12 

12 

X 

0 8 

3 

18 

*9 

20 

21 

22 

23 

24 

*5 

26 

27 

2 

X 12 

4 

32 

33 

35 

37 

39 

41 

42 

44 


48 

4 

0 20 

6 

72 

76 

80 

84 

88 

92 

96 

100 

104 

108 

9 

1 20 

H 

128 

135 

142 

149 

156 

><>3 

170 

177 

183 

192 

16 

2 24 

10 

200 

211 

222 

233 

244 

253 

266 

*77 

289 

300 

26 

0 16 

12 

288 

304 

320 

336 

33 * 

368 

384 


416 

432 

37 

2 24 


N. B. Efpecial care (liould be taken relative to making and that the fpinner do fpin his yarn for the fame exceeding 
white cordage for tacklc-fulls, crane-ropes, &c. that the f mart and even, by no means lighter than the weight fpe- 
hemp be of the very bell qirality ; ^nd that the fame be cified under the article /pinning the yam : if he ooes, nil 
topped, t»i^. all the (hort hemp taken out by the hatcheller ; rope will not anfwer the iizt required to be made. 
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Table XX. 

Shewing the Number of 1 breads to work per Hook for four-ftrand havvlVr-iaid vi hue 
Cordage, without Hearts, from 2 to 12 Inches in Circumference, of the Sizes of Yam 
as undermentioned* 


No. of 
I'hreads 
here men- 

10 weigh 
88 Ihs. 

16 

*7 

x 8 

*9 

20 

21 

22 

23 

24 

25 

Siie in 
Inches. 

Threads per Hook. 

2 

6 

6 

7 

7 

7 

8 

8 

8 

9 

9 

3 

*3 


*5 

*5 

16 

*7 

18 

*9 

*9 

20 

4 

24 

*5 

26 

27 

29 

30 

32 

33 

35 

3 ^* 

5 

37 

39 

4 * 

43 

45 - 

47 

49 

5 * 

54 

5 ^ 

6 

54 

57 

60 

63 

66 

69 

72 

75 

78 

8 I 

8 

96 

101 

107 

1 12 

117 

122 

128 

*33 

*39 

*44 

10 

150 

15S 

167 

*75 

>83 

192 

200 

208 

217 

229 

12 

216 

228 

240 

252 

264 

276 

28H 

300 

3*2 

324 


N. B. Tlic wcijdit of the above ropes may be found by fpedtivc dock-yards, under the honourable commiffionei 5 ok 
confuking ^I'ablc XVII. for thrce-flrand hawfer-laid white hismajedy’s navy, to rope-mukers wlio have made cordage 
cordage; the number of threads in each rope of a fize being (upon the ufual prificiple) by contract, in coils, hawfers, 
of an equal number, as near as poflible. cablets, and cables, with the length of yarn to be w'arped 

Cordage made by ContrafI for the Ufe of Jlis MajeJly s for the fame, and h ngth of cordage when made, as ordered 
Navy , — The under-mentioned Oiews the number of threads by tlie lionoiirable na\y-board. 

to work per hook ; the low'cil weight, allowance in weight, N. B. The highcll weight a hawl of yarn for each fort 
bandage, and higheft weight ; the cordage is to be received of cordage Hiould w'cigli (and by no ineaiiB more,) is here 
and allowed for by the receiving oilicers of his inajeily's re- noted. 


Taulk XXI. Cablets, 


Tabli; XXII. Cables. 


Si/c 

ThmU:. 

prr 

Hook. 

\. 

W 

owe A. 
c'i^ht. 

A 1 

in 

tn% 

w. 

ItUT 

■rlit . 

- 


.indagp. 

f] 

Ighert 

Vight. 



C. 

i\r 

ih. 

('. 

•ir 

11 ). 

(', 

qv 

il. 

c. 

qr 

Ih. 

2 

3 

r 

1 

4 

0 

0 

4 

0 

0 

4 

I 

I 

12 


4 

1 

.3 

0 

0 

0 

5 

0 

0 

5 

I 

3 

10 

3 

6 

2 

2 

I 

0 

0 

7 

0 

0 

8 

2 

2 

16 

. 3 i 

8 


I 

2 

0 

0 

10 

0 

0 

1 1 

3 

I 

23 

4 

10 

4 

0 

18 

0 

0 

12 

0 

0 

*3 

4 

I 

*5 

41 * 

12 

5 

0 

23 

0 

0 

*3 

0 

0 

16 

5 

1 

26 

5 ' 

*5 

6 

2 

1 

0 

0 

18 1 


0 

20 

6 

3 

1 1 

5 *i 

18 

7 

3 

7 

0 

0 

22 1 

\ 0 

0 

24 

8 

0 

25 

6 

21 

9 

c 

1 2 

0 

0 

26 j 

i 

I 

0 

9 

2 

10 

61 

24 

i 

1 

»9 

0 

1 

* 

i “ 

1 

4 

10 

3 

24 

7 

28 

1 *2 

0 

18 

c 

I 

6 

I ^ 

1 

9 

12 

3 

5 

75 

32 

‘ *3 

5 

16 

0 

I 

1 1 j 

0 

I 

*4 

*4 

2 

*3 

8 

37 

1 *<"> 

0 

6 

0 

I 

*7 

0 

I 

21 

16 

3 

16 

87^ 

42 

t 

0 

27 

0 

I 


0 

2 

0 

*9 

0 

22 

9 

47 

j 20 

I 

*7 

! ^ 

2 

I j 

0 

2 

7 

21 

1 

25 

95 

1 

52 

i 22 

2 

9 

0 

2 

7 I 

0 

2 

*3 

23 

3 

I 


It is to be obferved, that the above fizes in Tab. XX., 
u/a. 2 to inclics, arc termed, in the navy contraAs, ca- 
blets, the yarn for wdiich fhould be warped 200 fatlioms 
long, and the cablets, when complete, to be 1 20 fathoms. 
A hawl of yarn contairiing 336 threads, fliould weigh from 
i6cwt. o qr. 81 b. to i6cwt. 1 qr. 251b., and no more, 
allowing one-fixth part of fuch weight for tar, which is 
the allowance made bv the honourable navy-board, and no 
more. 


Si/e. 

Thr» ji'lh 
per 

Hook. 

Lowt 

VVr.tr 

A 

It. 

Allowance 
in W'eight. 

II.^IirA 

Weight. 



('. 

n** 

Ih. 

C\ 

qr 

. 11). 

( . 

qr 

Ih. 

10 

5 « 

21 

0 

2.? 

0 

2 

3 

21 

2 

26 

io.\ 

64 

23 

1 

>7 

0 

2 

9 

23 

3 

26 

1 1 

70 

25 

2 

10 

0 

2 

*5 

26 

0 

25 

.,i 

76 

27 

3 

4 

0 

2 

22 

28 

I 

26 

12 

83 

30 

I 

^0 

0 

3 

I 

3 * 

0 

] 1 

I2i 

90 

32 

3 

*7 

0 

3 

8 

33 

2 

25 

* 3 * 

98 

35 

3 

9 

0 

3 

16 

36 

2 

25 

*35 

106 

3 « 

3 

1 

0 

3 

25 

39 

2 

26 

*4 

1*4 

4 * 

2 

20 

1 

0 

5 

42 

2 

25 

*45 

122 

44 

2 

12 

I 

0 

12 

45 

2 

24 

* 5 ^ 

130 

47 

2 

3 

I 

0 

21 

48 

2 

24 

* 5 i 

*39 

SO 

3 

7 

I 

1 

2 

52 

0 

9 

16 

148 

54 

0 

*3 

I 

I 

I 1 

55 

I 

24 

16^ 

*57 

i 

i 

57 

1 

16 

1 

1 

20 

58 

3 

8 


Cablets from 4 to 9^ inches w ill not be rejefted, if the) 
are half an inch in girt above the dimenfions ordered. 

The yarn for the above cables (Tab. XXII.) are warped 
i66fm8. 4 ft. long, and the cables, when complete, to be 
100 fathoms long. A bawl of yarn containing 336 threads, 
166 fms. 4 ft. long, Ihould weigh from I3cwt. 2 qr. 61 b. 
to 13 cwt. 3 qr. 1 61b., and no more, tarred wdth the fame 
proportion of tar as the yarn for the cablets before-men- 
tioned. 
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Cable! lO inches and upwards, arc allowed three-fourths 
of an inch in girt more than the dimenfions given. 

In proportions of cordage wherein the cables contained in 
them do not exceed 13^ inches in circumference, a propor- 
tion of l^cwt. of fpnn-yarn is allowed to be font to every 
ton of cordage ; but if the cables are 14 inches in circum- 
ference and upwards, then 3 cwt. for every ton is allowed, 
in order to work up the toppings (or hemp) which 
(hould be taken out of the hemp agreeable to contradf, 
previous to its being fpun into cable-yarn (in particular), 
as it frequently happens that the great number of lives of 
fome of his majelly's moft valuable lubjeds are at Hake 
upon the depondance of a fmglc cable. 

The cables made in the ufual mode, by contrad, have of 
late nevcrexceedcd 165 inches in circumference, (Tab. XXII. 
extends no further) : for all the higher frzes are made by 
patent machines, by which much manual labour is fpared, 
and the yarns and llrands laid much clofer and more even, 
and bear the llrain more equally. 



riirtmJs 

JHT 

Hiiok. 

Lowell 

VVvi;;lir. 

Allowinc** 

111 Wci/^lu. 

Raiitlage. 

fliglicll 

Weight. 



c. 

qr. 

li). 

C. 

qr. 

Ih. 

(’. 

qr. 

Ih. 

c. 

qr. 

lb. 

4 

2 

0 

I 

4 

0 

0 

1 

0 

0 

I 

0 

I 

6 

1 

3 

0 

I 

20 

0 

0 

I 

0 

0 

1 

0 

1 

22 


6 

0 

3 

13 

0 

0 

2 

0 

0 

2 

0 

3 

n 

2 

9 

1 

1 

6 

0 

0 

4 

0 

0 

4 

I 

1 

H 


14 

2 

0 

5 

0 

0 

6 

0 

0 

6 

2 

0 

n 

3 

20 

2 

3 

20 

0 

0 

8 

0 

0 

9 

3 

0 

9 

34 

26 

3 

3 

7 

0 

0 

1 1 

0 

0 

1 1 

4 

0 

1 

4 


5 

0 

H 

0 

0 

H 

0 

0 

16 

5 

I 

16 

44 

44 : 

6 

I 

22 

0 

0 

18 

0 

0 

20 

6 

3 

4 

S. 

54 

7 

3 

*9 

0 

0 

22 

0 

0 

24 

8 

I 

9 

54 

65 

9 

2 

2 

0 

0 

27 

0 

1 

I 

10 

0 

2 

6 

77 

1 1 

I 

3 

0 

1 

4 

0 

1 

7 

1 1 

3 

H 

64 

91 

13 

I 

11 

0 


9 

0 

1 

13 


0 

5 


The fizes of cordage hereunto annexed, from f to 3^ 
inches in circutuhTencc, an* termed, in the navy, cou- 
trad coils ; all above, vi%. 4 to 6^ inch, are called hawfers. 
The yarn for bt)th coils and liawfern (hould be warped 
195 fathoms long, and the ropes, when completed, are to 
be 130 fathoms long. A hawl of yarn, conlilling of 336 
threads, 195 fathoms long, (hould weigh from 16 cwt. i qr. 
7 lb. to 1 6 cwt. 2 qr. 241b. and no more, larced in the 
fame proportion as cablets and cables. * 

All cordage delivered into his majedy’s dock-yards un- 
dergo a trial, which is, by proving one ilrand out of each 
rope, each thread (or yarn) of which having a weight, 
weighing one -third of an cwt. made faft to it, which it 
fhould lift ; but if a certain number of yarns (according to 
the fize of each rope) (hould break in the trial, the rope 
is rejeded, otberwife it is received. 

Particular attention (hould be paid not to fend any kind 
of cordage into his majelly's dock-yards above its highcil 
weight, allowed according to contrad, as, in fuch cafe, all 
above that weight will be a lofs to the nianufadurer ; the re- 
ceiving ofiker not being authorifed to allow any more than 
is fpecified in the contrad- 

N. B. It is to be obferved, that, in making cordage by 
contrnd for the uie of his majelly’s navy, his majefty 
finds his own hemp, the contrador tar and labour at a 
certain price per ton. All cables and cordage to be 
tarred with good Stockholm tar, ivithout mixture of any 
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other, except about one-third part, which may be of Ruflia 
tar. 

A white thread, twitted the contrary way, (fometime* 
called the rogiie^s yarn,) is to be laid in all the ftrands of 
the cables and large cordage ; and a twine in the fmall 
cordage for the king’s mark, fo as to be feen on the outfide 
of the llrands. 

In any of the llrands, there is to be no greater number 
of threads at the ends of the cables or cordage than in the 
middle. 

The only parliamentary regulations, relative to the ma- 
nufadure of cordage, are contained in the following ad ; 
“ An ad for more effedually preventing deceits in the ma- 
mifaduring of cordage for ttiipping ; and to prevent the 
illicit importation of foreign-made cordage.'^ 25 Geo. III. 
c. 56. 

In July 1799, a patent was granted to W. Chapman and 
E. W. Chapman, of Newcattlc-upon-Tyne, for their im- 
proved method of making cords and ropes, twined and un- 
twined, from the fpinning of the yarn inclttfive, to the finilh- 
ing of the rope or cordage. This invention appears, by the 
fpeciiicatiou, to include material improvements in the fpin- 
ning of rope-yarn, and in llie manufaduring of cordage. 
Rope-yarns are at prefent fpun by men, at an txpence of 
from half a crown to five (hillings per day, according to the 
fitiiation of the place, whether in the out-ports, or on the 
river Thames. Or it is wholly fpun by machinery. 

In the pradice of the firtt method rope-w'alks are nccef- 
fary, and the fibres of the hemp arc drawn into the yarn 
of different lengths proportionate in a given degree to their 
pofition in the out fide or infide of the yarn ; accordingly, 
when this yarn is drained, and its diameter collapfes, the 
infide fibres of hemp bear the greatett drain, and thus they 
break progr(‘(Tively from the infide. 

In the Ipiniiing by a mill the fibres are all brought for- 
ward in a pofition parallel to each other, prcvioiifly to their 
receiving their twill. They are confequeutly all of one 
length ; and, when tw’illed, the outfide fibres are moll 
fliorteiied by forming the fame number of fpirals roiuid a 
greater axw than llic interior, and thus they mult confe- 
quently break the firll, on the fame principle that the out- 
fide yarns of llrands of ropes rnanufadured in the old 
method break before the interior yarns ; and, conlequently, 
with Icfs drain than ropes of the improved principle, where 
the ttrands, (or immediate component parts of ihe rope)' 
have been formed in fuch a manner as that all the yarns 
(hall bear equally at the time of the rope’s breaking. 

Neverthclefs, yarns Ipun by a mill have been found 
drongcr than common yariiB, on account of the great 
cvennefs with which they arc fpun ; the manual labour in 
manufaduring is much lefs than in the common method ; 
but, on the other hand, there is the expence of machinery, 
and the greater watte of hemp in pr/*paring it for being 
drawn out in the progreffive (lages of its advance to the 
fpindle. 

The method invented by Meffrs. Chapman differs from 
both the preceding, in having, by an eafy and fimple con- 
trivance, the fibres of the hemp laid in the yarn in fuch 
a manner r.s the yarns themfelves are laid in the ttrands of 
the rope manufadlurcd on the new principle. 

Their machinery confitts only of a fpindle, divided into 
two parts, '-he upper containing apparatus to draw forward 
the hemp from the fpinner with tw'ift fufiicient to combine 
the fibres ; which enables them to employ women, children, 
and invalids, and alfo to appropriate the rope-ground folcly 
to the purpofe qf laying ropes. 

The part we have deferibed is only an improvement ox 




ROPE 

the methods of fpinning, granted to Mr. William Chapman 
on the 8th day of November, 1798. 

The remaining parts of their invention confiil chiefly in 
the giving, from a ilationary power, internal motion to a 
locomotive machine, viz. to the roper’s fledge, on which 
the ilrands and the rope itfelf are twilled, by which con- 
trivance they are enabled to apply a water-wheel, or fleam- 
engine, to the whole procefs of making ropca of all kinds 
whatever. 

Mr. Jofeph Huddart of Iflinglon i)l)t:iiiicd a patent in 
Aiigufl of li'..' fame year for an improved metliod of regif- 
tering or forming the llrands in the machinery for the 
manufadliirc of cordage. Having previoiilly taken out a 
patent for this purpofe, he contrived to efleCt it by the fol- 
lowing means : 

1. By keeping the yarns feparate fr(5m each otlier, and 
drawing tlicm from bobbin*?, which revolve, to keep up the 
twill whilil the llrand is forming. 

2. By palling them through a regiller, which divides 
them by circular Ihells of holes ; the number in each Ihell 
being agreeable to the dillance from th(‘ centre of the 
flrund, and tlie angle wdiich the yarns make w'lth a line 
parallel to it, and vvhicli gives them a proper polition to 
enter. 

3. A cylindrical tube, which comprclles the ilrand, and 
maintains a cylindrical figure to its lurface. 

4. A gauge to determine tlic angle which the yarns in 
the out fide fltell make with a line parallel to the centre of 
the llrand wlien regillcring ; and, according to the angle 
made by tlie yarns in this ihell, the length of all the yarns 
in the llrand will be determined. 

5. By hardening up the llrand, and thereby incrcafing 
the angle in the outfide fliell, which compenfates for the 
llrctching of the yarns, and the comprellion of the llrand. 

'Fhc patent which Mr. Huddart took out in Augull re- 
lates to the invention of a machine that may be worked 
by men, or any other power, and by means of which the 
regiflenng may be coinmodioufly and eflettually carried on. 
But figures are nccefl’ary for deferibing intelligibly his pecu- 
liar contrivance. Mr. Huddait, in the following year, 
took out a patent for improvements in the method of turn- 
ing cordage in the manuf allure of it. But our limits 
forbid our enlarging on this article. 'I'lit* fpecilications of 
t(ie patents for regiflering, as well as falloning, may be 
confulted by thole who are eoiKcrncd in this manufacture. 

Ropk IVitlh^ or Rnpe-houfc Ground^ is the place where 
ropes arc manufatMurecl. This flioidd he 400 yaids long, and 
about 10 broad. At the upper end are fixed tlie fpu'ning- 
whcels, over vvliicii is the liatchelling-loft, alf) the hack- 
frame wheels, f aekle-hoards, and poll', winclies for winding 
the yarn c)ii as it is fpuii, niid leels on winch to r el the 
topes. On each fide are llak ’-pvtUs ; In th.e mid<ll<‘ r? fixed 
the w^rping-poft, and at the lower end, the cMpIhrn and 
reaching-poil. Back-frame wheels ii.r Imall, and Ikdgcs 
and drags for large rope^?, arc uled towards the iovver end ; 
the back-frame wheel, for laying cordage from a hx-thread 
ratline to a two-inch rope, is about tour or live feet in 
diameter, and is liimg between two uprights, lixc'd by 
tenons on a truck, and iupported by a knee of wood. 
Over its top is a femicireiilar frame, railed the head, to 
contain three whirls (that turns on the brafl’es) with iron 
fpindles, fecured by a hafp and pin. They arc worked 
by means of a leather band encircling the whirls and the 
wheel. Three of the whirls are turned when hardening the 
Itrands, and one only when doling the rope, the flrands 
being hung together upon it. Tlie truck, on which the 
back-frame wheel is fixed, runs on four wliccls, and is 
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made of three-inch oak plank, about nine feet long and 
thirteen inches broad at one end, and eleven inches oroad 
at the other. The ';apllern, about eight feet high, and 
fourteen inches in diameter, is turned either by men or 
horles ; its ufe is to draw the yarn, when tarring, out of 
the copper, through the nipper, to he coded away in the 
yarn-houfc, and there properly hardened before it is ufed ; 
otherwife it will kink, /. e. twill or curl, by being twilled 
loo hard in doling. Another capllern, or crab, is lixed 
at the lower end of the walk, for llretching the yarn to its 
fullcfl extent, before it is worked into flrands, by means of 
the tackle-fall, led from tlie to the (.apllern ; llnTr 

being about eighteen yards dillanl from each other. The 
crank-wheel, which is ufed for fpinning of lines, box-cord, 
&c. is fixed on an iron fpindle nr axis, \\iili a handle by 
which t<i turn it. It hangs between two polls, and in its 
upper j>arl, above the vvh<‘el, is lei in a li'niu ircular board 
to receive three fcls of whirl-holts, with wheels upon them, 
on which the Ipinners hang their threads : at the front 
lide of the wliccl is a iliort poll, fiipportcd by a knee of oak, 
on which the fpindle roll'., Tiic releinhle the Iiiiuhn* 

pert of the fledge, to winch they are fallcned by rojies, and 
they ar(‘ lined with a board on tlie upper fide : their weight 
ferves as a prefs, when the rojic rerpiires more than the 
fledge can carry properly toilret«'h the flrands, and prevent 
their kinking. The hairhcl ferves to dear the ends of the 
hemp, by drawing it through, having forty lharp-pointed 
iron-tcctli, fimilar to tlu' hatchcl in the dearer^ which has 
liner teeth. Iron-jacks are lomclitnes ufed iiiftead of the 
table-wheel or back -frame wheel, and difl’er from the latter 
by having an iron-wheel with cogs, which work in the 
whirls, that have likewile iron -cogs. The loper, which is 
ufed to lay lines, has two iron fwivd-hooks { running round 
in a brafs or iron box) at each end, for the line to hang on 
and work, by tin* power of the lore-turn, from the wheel 
at the upper end. The nipper is formed of two fleel-plates, 
with a femi-oval hole in each, which, by the motion of the 
upper plate, enlarges or contradls as the tarring of the yarn 
requires. It is thus fixed : a poll is placed between 
the kettle and the capllern, with a rnortife cut eighteen 
inches long from the kettle’s lurface, and five inches wide. 
The under plate is turned up on each fide, to form two 
grooves, and is let into the front fide of the poll from the 
lower part of the rnortife. The upper plate has a dove-tail 
on the backi that Aides up and down in a groove into the 
grooves of the lower plate ; and by a ilaff, made fall to itn 
front, it is railed or lowered, and regulated by a weight 
fiifjK'iided at the other cMid, fo that the yarn receives no more 
tar than is required, and that which is fqueezed out drops into 
a trough, and returns into the kettle. Prefs-barrels are old 
tar-barrels filled with clay, and laid on the fledge or drag 
to add weight when the rope is clofing. The reachin^-pojl 
IS a poll in the ground at the lower end of the walk ; uled in 
llrctching the yarn by moans of a tackle, one of the blocks 
of which is liooked to a Arap round the poll, the other 
block to a pendant at tlu* fledge, being about eighteen 
yards diftant from each other. Sled^a are frames made of 
llrong oak, clamped w'itli iron in dinerent parts ; the two 
fldcs are the length of the fledge, made of oak, and tied in 
with oak bars at each end ; near the front are two uprights, 
let into the Tides, and fupported by two flaming pieces from 
the upper end. A breafl-board is faflened with iron pins 
to the uprights, and contains holes for the hooks to pafs 
tlirough, on which the hooks are hung ; which, being turned 
by men, is twitted into rope, and fo clofed or Tinifhed. 
Thefe fledges are loaded as the occaflon of making the rope 
rcquirea# The fpinning^vjhed is hung between two pofts 
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fixed in tlic ground ; over its top is a femicircular frame, 
called the head, which contains twelve whirls, if it be for 
twelve fpinuers to fpin at the fame time ; thefc wdiirls turn 
on iron fpindles, with hooks to their front ends to hang 
the hemp on, and arc worked by means of a leather band 
encircling the wheels and whirls. The tools and terms 
appropriate to rojic-making arc deferibed in their proper 
phices, 

RovF.’Tiirrty the yarn of any rope iintwiftod. It com- 
rnonly conliils of cable-ends which are worn out ; and 
are junh of the cables. It ferves for many purpofes 

among the failors. 

Rope-yarn properly denotes the fmallell and fimplclt 
part of any rope, being one of the threads of which a 
itrand is compofed ; fo that the fi/n of the latter, and of 
the rope into which it is twilled, are determined by the 
number of rope-yarns. 

Ropes, Sfatidhijr, in a S/jlpt tlie flirouds and (fays are fo 
called, bccaufe tliey are not removed, unlcff to be cafed or 
fcl taught. Sec Siikoud-s, and Si A'is. 

Ropi:.s, Staplr^ ropes made of hemp, not inferior to clean 
Peterfhurgh. 

RoPK-^mn'/j, braided cordage, iifed to fallen the headb 
of fails to their refpcdhve yards. See Robbins. 

RopF:-/Irri. See Deck. 

Rope, in ji^riculture, a thick fort of cord formed of 
hemp, or other material j much ufed by farmers. See 
Cord A OK. 

A very ufeful fort of rope fv)r traces, and other fimilar 
purpofes, has lately been formed of the coarfe wool of (heep. 

Rope, Cnrt^ that fort of rope ufed in loading hay, ttraw, 
or other bulky loads, by the farmer. Thefc ropes fhould 
always be ftrong, and formed of the bell materials, what- 
ever the nature of them may bo. 

Rope is alio a word fignifyiiig to tedder, as a horfe, 
or other animal. It is a very injudicious pradlicc, and 
one which Ihould by no means be generally followed by 
farmers. 

Rope, Cnrdy or Strapt in the Manc^e^ is any of thefc 
tied round a pillar, to which the horfe is faftened, when 
they begin to quicken, and fupple, to teach him to fly from 
the chainbrier, and not gallop failly or incompa^Uy. 

In thofe maneges where there is no pillar, a man Hands 
in the centre of the ground, and holds the end of the rope. 

Ropes, Drag^ in the ylriWery, ..;re thofe by which the 
foldicrs pull tin- guns backwards and forwards both in their 
exercife, and m an engagement. They are of various 
lengths and dimcnfions, as they are ufed for guns or 
howitzers of different weights. 

Ropes, Foot. »See Yoo v-Fopfs. 

Ropes of two Pillars^ are the ropes or reins c/f a cave- 
fon, ufed to a horfe that works between two pillars. See 
Pillar, 

Kovi:- Dancer, See Dancer, and Ni caxce. 

Rope of Sand^ a phrafe familiarly ufed to denote dif- 
nnion, or want of adhefion and continuity. In this fenfe 
it is applicable to a variety of cafes, and in military lan- 
guage to the difagreement that fubfifls between the colonel 
and the captains of a regiment. 

Rope Machine for raftng Water ^ in Hydraulics , — If a 
vertical grooved wheel, fixed in a frame, be fituated within 
the water at the bottom of a well, and another fimilar 
wheel, having a handle aifixed to its axis, be fituated in 
another frame at the upper part of the well ; alfo an endlefs 
rope (^/s, a rope whgfe two extremities are fpliced into 
each other) be palled round both wheels ; then, on turning 
the handle, the wheels and the rope will be caufed to move, 
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nn%, the rope will afeend on one fide, and will defeend on 
the other, pafllng fucceffively through the water of the 
well ; but the afeending part will carry up a quan- 
tity of water adhering to its furface; and this water 
differs in quantity, according to the fizc of the rope, the 
depth of the well, and the quicknefs of the motion ; 

with a larger rope, in a lefs deep well and quickeit 
motion, a greater quantity of water will be railed, than 
other wife. 

In order to intercept the water at the top of the well, the 
upper wheel is inclofed in a pretty large box, in the bottom 
or which there are two holes, through which the afeending 
and defeending parts of the rope pafs. To thefe holes are 
affixed two mort tubes, which prevent the exit of the 
water which falls to the bottom of the box. There is alfo 
a lateral fpout on the fide of the box, clofe to the bottom, 
for the water to come out of; and on the broad fidea of the 
box there are two holes for tlie axis of the wheel. The 
9th and loth figures of Plate XIV. Hydraulics y exhibit a 
fc£Iion and a front view of a machine of this fort, which 
was put up in the year 1782, on the caflle hill at Windfor, 
where the depth of the well is 95 feet. A fimilar machine 
was alfo placed on the round tower of Windfor cattle, 
which draws the water from the depth of 178 feet. 

The fame letters refer to the like parts in both figures. 

The wheel, li, at the bottom of the well is of lignum 
vitx, one foot in diameter. Its axis is of ttecl, and turns 
with its extremities in fockets of bell-metal. 

The frame, 1 1, is of iron. 

The wheel, E E, at the top of the well is of iron ; but 
its rim, with the groove which receives the rope, are of lead. 
The diameter of this wheel is three feet. 

The axis, ddy is of tteel, and its extremities turn in bell- 
metal fockets, which are fixed in two upright pofts, A, A, 
that fupport the machine. T is the handle affixed to the 
axis, which handle deferibes a circle of 28 inches in diameter ; 

^ ^ is the wooden box, lined with lead, which inclofes the 
wheel E. F, F, arc the hole:, at the bottom of the box 
through which the rope paflcs. Their diameter is about 
two inches. 

On the fame axis, d dy another wdieel, C C, of about four 
feet in diameter, is fixed. This wheel is of wood, loaded 
on the edge with lead, and it ferves as a fly to facilitate the 
motion. 

The rope is of horfe-hair, and ineafurcs half an inch in 
diameter. 

With this identical machine, feveral experiments were 
tried, the rcfiilt of which is as follows ; 

When the machine was w^orked flowly, ndx. fo as to 
make about 30 revolutions of the handle in one minute, 
then very little w^ater came up adhering to the rope ; and 
of this water a very fmall portion was feparated from the 
rope within the box, fo as to come out or the fpout Z, in 
the fide of the box. 

When the revolutions of the handle were about 50 in 
a minute, then a confiderable quantity of w^ater came up 
adhering to the rope ; and on turning the wheel E E round, 
the greatett part of that whaler, having acquired a confiderable 
velocitv, flew off in a tangent from the rope, and formed a 
jet within the box. This water, falling to the bottom of 
the box, came out of the fpout Z. 

It was found, that the utmoft exertion of an ordinary 
working man could not make more than 60 revolutions of 
the handle in a minute ; in which cafe the rope moved at 
the rate of about 1 6 feet per fecond. W ith this velocity 
the quantity of water that came out of the fpout, Z, was 
about fix gallons per minute : but it would have been im- 
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Rose Engine^ Ro/e laihe^ or Figure lathe^ in the Mechanic 
Aritf ii a machine ufcd for turning any articles in wood^ 
ivory, or metal, in the fame manner as a common lathe, but 
it has additional parts, by which the fiirface of the fubje6t 
which has been turned, can afterwards be enmved with a 
great variety of patterns of curved lines, whi^, in general, 
are denominated from the French ro/ettet from a flight general 


refemblance which thev have to a full-blown rofe, and 
hence the machine is called a rofe engine. 

This machine, as we have faid, contains all the parts of 
the/tf/Ar, (fee that article,) and in the fame manner as in 
turning, the work is caufed to revolve, whilft the cutting 
tool is kept ftationary ; but the diflereoce between the role 
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lathe and the common lathe is, that in the former the centre 
of the circle, in which the work revolves, is not a ftationary 
point, but a flight motion is given to the centre whilfl the 
work is revolving upon it, the tool being all the while 
ftationary ; the furface of the figure which it forms will be, 
of courfe, out of round, /. e* it will deviate from the circular 
figure as much, and as often, as the motion is given to the 
centre. 

The art of turning curiofities in wood or ivory, is one of 
thofe which is bell adapted, of any of the mechanic arts, 
as an amurement for perfons who eitner have leifure to apply 
to fuch fubjedls, or who require relaxation from mental 
lludics : it has long been a favourite purfuit of many gentle- 
men, and the machines they employ arc very ingenioufly coii- 
llriidled. The curious in this art reckon two points of per- 
fe^lion in tlieir works, one where the extreme delicacy, or 
elegance, of the objed: renders it admirable, and the other is 
confidcrcd from the dilliculties of the execution ; the former 
may be judged by all perfons poflefled of good talle, but to 
Judge of the latter requires fomc knowledge of the art, or, at 
Icaft, fo far as to know that the lathe will form only fuch arti- 
cles as are perfedlly circular, all the parts having a common 
^xis ; therefore the fpecimens of turning are to be more or 
lefs eftcemed, in proportion as they are moreoppofed to the 
circular figure. This art was more cultivated a hundred 
years ago than at prefent, and more curious fpecimens were 
then produced. Inch as hollow balls of ivory, containing 
many cxcentric figures, formed within each other, all beiftg 
cut from the fame folid piece, and every one beautifully 
ornamented upon the fur face, altlioiigli only fmall holes 
were left through them to gain accefs to the interior ones : 
this was carried fo far as to form twelve bulls of ivory one 
within the other. A great collvdion of curiofities of this 
kind will be found in a French work entitled “ Recucil d*Ou- 
vragesCurieux dans Ic Cabinet de M. Grollier de Servir,'* 410. 
Lyons, 1719. This (outainn drawings of fome very curious 
articles ; but although the art is not fo generally pradlifed 
at the prefent day as formerly, the machines which are now 
invented are vaiily fuperior, and, w^itli the lame attention, 
would doubtlefs admit of Ine curiofities being equally ex- 
tended. Mellrs. Holtzapffel and Dcyerlicn, of Cockfpur- 
llroet, London, liave made many iinprovomenls in the coiillruc- 
tion ofrofeengincs, which they exccuii', as well as all other tools, 
for ornamental turning, in the moll fiiiilhed llyle. We have ob- 
tained drawing of one of t hefe^ lee Plntf III. EnghieSf in which 
fig, 6, is ail elevation in front ol the machine. A A B B is 
the vvv'ioden frame ; 1), the large foot-wla'cl, to give motion 
to the mandrel, or fpindle, T *^1% by the band and pulley F. 
The work is fixed in a chuck I, at the extremity of llic 
mandrel ; and the tool is held by tlie llide-rett K, which, 
though it has the means of moving tlic tool a fmall quantity, 
to adjull it to the radius ol the lofe, or figure intended to 
be cut. Hill it will firmly re tain the pofition in which it is 
placed. The upper pait, A, of the frame of the machine 
is made of mahogany, but lias within it a call-iron frame, 
confifiing of two bars, or bearers, winch being placed pa- 
rallel, and at a fmall dillanct* aluiuler, leave a groove or 
opening between them, in tlie fame inauncr as the checks of 
any otlier latlu*, for the reception of the tenon, at the 
lower end of the back puppet (Ihevvn bv the dotted lines) L, 
which is iifed to fupport the end rf a long piece of work ; 
though this is feldom ufed, becaute the work can only 
be turned circular, when the back centre fiq^ports it. All 
work which is to be figurc-tunu d mull be h‘ ld in a tbuck, 
ferewed on to the end of tlie mandrel ; becaufe it is only 
the mandrel which is rnoveible, to give thofe deviations 
from the circular figure, which are nccclfury to form the 
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figured work. For this purpofe, the two ilandards, G and 
H, which fupport the mandi-cl, arc not firmly fixed to the 
bed. A, of the machine, as in other turning-lathes ; but 
they defeend between the cheeks or call- iron bed, aimod as 
low as the bottom of the mahogany bed A, and have there 
an axis P (dotted), which is parulh l to the mandrel, and 
fiipportcd on pivots at its ends ; thefc pivots being received 
in pieces of call-iron, dcfccndiiig from the cheeks, and 
ftrengthened by the iron bar, Q, extended between them. 
The two llandards, G, H, are formed of one piece, and 
have a llrong bracing of iron between them, in addition to 
the axis P ; l)iit this cannot be feeii in I he figure, becaufe it 
is concealed betwTen the cheeks of the bed O. The ofcil- 
latiiig motion is given to the mandrel by means of metal 
rofettes M : thefe arc wheels, fixed upon the mandrel, each 
having its periphery indented and curved w'ith a waving 
line, as fliewn at M, fi'^. 7. The rolettes are a6led upon by 
a Imall roller, placed at the end of a piece w, which is fup- 
ported by a triangular b.ir w, fixed paiallel to the mandrel, 
upon the upper ends of curved arms, as fliewn in botii 
figures. Now it is evident that when the mandrel revolves, 
the eminences and deprellioi’s ol the rof ite, applying thera- 
felves to the roller of the piece winch is lidtiouary, will 
caufe a vibrating or ofcillatiiig motion of the mandrel, and 
the frame, G H, which contains it. A llroiig fpring is 
placed within the cavity of the bed A, and applied to the 
frame of the mandrel; io that it inclines the latter always 
towards the central or vertical pofition, that is, the pofition, 
when the line of the mandnd is produced, would pafs ex- 
a£lly through the point of the ierew of the back puj)pet L ; 
therefore, when the protuberant or waved parts of the 
rofette caufes the mandrel to depart from this fituation, the 
fpring will be bent, and ready to force it back, the mllant 
the curvature of the rofette will permit. The fpring is 
(lightly curved, and placed in the fpace between the inliden 
of the iron cheeks of the bed and the frame of the mandrel, 
fo that the middle of the curved part a£ts lliereupon, and 
the two ends bear againll the infide of the frame, to give 
the re-a6l)on. Seventeen difl’erent rofettes are placed upon 
the mandrel, as (hewn in a duller at M, each being of a 
different pattern. Several arc of the kind fhewn in 7, 
that IS, fcolloped out with waves or concave depreflions, 
but dilfering in the number of waves from 12, as in the 
figure, to 144, which will, therefore, be very minute. 
The focket for the piece n can be fixed, by its clamp ferew, 
upon any part of the triangular bar m, to bring it opjiofitc 
any one of the rofettes whicli is required to be ufed. Other 
rolettes, inltead of having waves or concave depreflions, as 
fliewn in fig*^y have convex protuberances. In cither cafe, 
when the' pattern is very fine, the roller upon the end of the 
bearmg-picce, «, cannot be admitted, becaufe its curvature 
would not be fufficienlly rapid to fuficr it to fall into the 
dei>rellions. In thefe cafes, therefore, the end of the 
pu'ce n is ufed for the contad, being rounded, and well 
hardened and polifhed, to diminifh as much as poiiiblc the 
fndion of the rofette revolving, whilll in coutadl with it. 

Th(* flide-rdl, which fupport s the tool, is next to be de- 
fcTibed : the manner in which it applies to a piece of work, 
when fixed in a chuck at the end of tlie mandrel, is fhewn in 
Jig, 6, whilH^ifj. II and 12 are on a larger Icale to deferib' 
it minutely. The roll can be fallcned at any part of the bed, 
by the lower part of the foot, which is fiipportcd on the bod, 
A, of the latlie, and is divided with a dove-tailed groove in 
the under fide, to receive the head of a fcrew-bolt, going down 
through the lathe-bed, and fixing it at any place by a ibunib 
nut, as fhewm at hy jig, 6 ; the groove in the foot is for tin 
purpofe of allowing the reft to be moved to and from tlu 
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centre of the lathe, to adjnft it to the diameter of the work 
which is turning. The foot has a ftrong cylindrical pin 
fixed upright in the end of it, and this is fitted into a corre- 
fponding locket S, formed out of a folid piece, with the 
lower flicler K of the reft ; a clamp-fcrew in the fide fixes the 
focket faft upon the pin, and there is a wheel /, cut with 
notches, at the bottom of the focket, with a catch /, fixed 
upon the foot R, to engage its teeth and hold it faft ; by 
which means the Aiders, K, can be fixed, and held faft«at any 
required angle with the mandrel, for purpofes we Aiall here- 
after mention. 

The upper part of the Aido-reft confifts of two hori- 
xontal Aiders, K and placed in direflions perpendicular to 
each other ; to one of thefe tlie tool is firmly attached; and 
by means of ferews with handles, the Aiders and the tool 
can be moved in any direftion, to follow the tool to the 
work ; K, in both figures, is a frame of metal, formed from 
the fame piece as the focket S ; its upper furface is made 
fiat, and upon this a Aider, or fiat plate, rr, is fitted, to move 
with freedom and precifion. A ferew is mounted in the open- 
ing of the frame, and is tapped into a piece of metal, proje6^- 
ingfrom the lower fide of the Aider, fo that the ferew, when 
turned round by a handle t/, fitted on its fquare end, advances, 
or draws back the Aider, which is guided in a right line by 
two pieces of brafs, ferewed to tlic under fide of it, to form 
a dove-tailed groove, to which the edges of the frame K 
are fitted very accurately ; upon this Aider a frame, or two 
rulers, are ferewed, having a fecond fteel Aider fitted in tlic 
dove-tailed groove formed between them, and provided with 
a ferew i, as the former, to move it. This upper Aider 
carries a piece of metal, with a fquare hole through it, in the 
dired^ion of its length, to receive the tool /, and a ferew 
at top to fatten it in. The Aide-reft being mounted in the 
manner oijig, 6, upon the bed of tlie lathe, the upper Aider, 
gt is parauel with the mandrel, and the lower one perpen- 
dicular thereto. For turning flat or face work, the tool 
is put as there Aiewn. Now', by turning the ferews i, of 
the upper Aider, the tool advances to a contadf with the 
w'ork, which is mounted in a chuck, as in the figure ; then 
by the other ferew, d, it is moved acrofs the face of the 
work, turning it as it proceeds to a perfectly flat furface. 
For turning a cylinder, mounted between centers, the Aide- 
reft is to be turned one quarter round upon the pin in the 
focket S, fo that the upper Aider will be perpendicular to the 
mandrel, and the lower one parallel thereto ; in this cafe, 
the upper Aider muft be moved, to adjuft the tool to the dia- 
meter of the intended work, and the lower Aider is moved by 
its handle d, to carry the tool along the length of the cylinder, 
and cut it as it goes. The whole reft can be fixed at any part 
of the bed, and can be moved inftantly if required. The Aide- 
reft will alfo turn cones by the following contrivance ; the 
plate, or dove-tailed groove fupporting the upper Aider, 
may be turned round upon the plate e r, and fattened at any 
inclination by a ferew' palling through a circular groove in 
the plate. By this means, the upper Aider is inclined, in 
any required angle, to the mandrel, and will then turn a 
cone, cither hollow or folid. The Aide-rell prefents the 
tool fo firmly to the work, that it w'ill not retreat in the 
leall when any protuberance comes by, but cuts it away, 
if the ftrain is not fo great as to break the tool : but of this 
there is no danger if it be properly managed, becaufe the 
ferews advance the tool fo ifowly, that there is no need to 
pufti it forwards fuddenly, as it is often unavoidable in turn- 
ing by hand. The Aiders are often divided into inches and 
fubdivifions, by which the work can be made exaftly to any 
dimenfions without trouble, or two things may be fitted 
cxaftly together. The upper Aider, g, has a graduated arc to 
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Aiew the angle of inclination which it makes ^th the lowei 
one, when fet for turning cones, fo that a hollow cone 
being bored out in a chuck, a folid plug may at once be 
turned to fit it, without trial, the reft making it certainly 
of the true angle. 

The lathe is put in motion either by the hand, or by the 
foot of the '"turner. The latter, when the work is to be 
turned or reduced to the circular figure, as in any common 
latlie ; and the former, when the work, after being turned, 
is to be ornamented, an operation which, from its delicacy, 
requires a very regular motion. 

When the machine is turned by the foot, it is done by the 
preftbre upon the treadle E, which afts upon the crank C, 
on the axis of the foot- wheel, or fly-wheel, D. The motion is 
communicated from the treadle by a crank-hook, or con- 
neAing rod, a, fattened to the crank of the wheel, by a collar 
embracing and turning round at the upper end. When the 
foot puAics down the treadle, it gives the wheel a rotative 
motion ; and when tlie crank has been drawn to the loweft 
point, the momentum which the wheel has thus acquired, 
draws up the treadle, and thus, by the alternate preflure of 
the foot, and the momentum of the wheel, the motion is 
regularly continued. The wheel is made of caft iron, and 
fixed on the extreme end of the axis ; it has two rims of 
diflbrent fizes, and the furface of each is made conical, and 
cut with three annular grooves, which are recefled, with an 
angle at the bottom, fo as not to have a flat bottom. This 
form is advantageous, on account of the band having more 
power to turn tlie wheel F. Thefe different grooves are 
made, in order to give difterent degrees of velocity to the 
lathe, or to increase the power. The axle of the wheel is 
made of wrought-iron, except the pivots or centers, and it 
is bent in the middle to form the crank C : the pivots at the 
ends are made of hard fteel, welded to the iron parts of the 
axle. The band which C9nuc6is the fly and mandrel is made 
of catgut, of fuch thicknefs as the nature of the work may 
require, and is either fpliced at the joining of the two ends, 
or they are fattened together by a fteel hook and eye. The 
band may be either tightened, by Atifting it to other grooves 
in the great wheel, or in the pulley F, of the mandrel ; or 
otherwiie by a Aiding-piece in the leg B, which is regulated 
by a ferew x. 

The motion for the hand is given by a fmall handle O^Jig. 6; 
this IS fixed upon the end of a fpindle, which at the other 
end carries a final! wheel N, communicating by a band with 
the great wheel D. The fpindle is fupported in a frame, 
whicli is attached to the lathe-frame, by a centre or joint, on 
which it can be raifed up, and fixed by a toothed fe^lor, to 
tighten the band when it is required. 

The pulley F has three or four grooves, of different fizes, 
to receive the band, and by this means the mandrel may be 
turned with different degrees of velocity, and made to ac- 
commodate itfelf to the length of the band. The wheel 
N is made in the fame manner. 

When a piece of work is to be made in the rofe engine, 
it is firft turned true to the fize and figure, and then 
polifiied, before it is ornamented : therefore the machine is 
firft fet to turn circular. For this purpofe, the piece n,Jtg. 7, 
is withdrawn, fo as to be beyond the reach of the rofette, and 
a head at 2, Jig, 6, being turned, it Aioots a double bolt, 
which locks the frame G H faft in its perpendicular pofition; 
that is, w'hcn the point of the back centre-ferew L will be 
exactly in the line of the mandrel, the frame being thus ren- 
dered immoveable, the machine will turn the fame as any 
common lathe. If the work is of confiderable length, it 
muft be fupported at the end by the back centre L, at 
leaft whilft it is turned circular, previous to being oroamented. 
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The back puppet, L, is made of caft-iron, and is fitted upon 
the call -iron bearers, on which it can be fixed at the re- 
quired diftance from the mandrel by a vertical fcrew under- 
neath, and a nut, which comes in contaA with a horizontal 
plate or wafhcr below the laid bearers* Its centre- fcrew has a 
fharp conical point to fnpport the work, and there is a clamp- 
ferew at top to fallen the centre-ferew, to prevent it from 
running back. 

The methods of fixing the work to the end of the mandrel 
whim it IS turned are very numerous, rmd vary in almoll every 
inllance : in ^neral, it is held in a piece of wood, 1, called a 
chuck, which is ferewed upon the nofe of the mandrel T, 
and being bored, or turned out in the manner of a cup, the 
piece of wood or ivory which is to he turned lo driven into 
it by a mallet till it is firmly fixed : the wood is, of courfe, 
cut nearly to a circular figure, before it is fixed m the chuck ; 
it is then wrought with a Ibarp triangular pointed tool, h, 
which being fixed in the roll, and advanced to tlie work by 
the fcrew i, cuts fmall contiguous grooves on the furfacc, 
till it has broken the grain of the wood, and removed all 
exuberances. The tool being gradually advanced by its 
ferews d and i, as is required, the work is reduced at 
length nearly to its intended fize and figure, but will be 
wholly covered with fmall grooves : lo remove ihcfe, and 
render the work even, another tool is next ufed ; this is 
formed like a narrow cliiffel, but made very thick, and with 
an obtufe edge, which is only bevelled on the under fide : 
its edge will remove the cminencet* between the grooves left 
by the firfl tool. The work is then fmoothed, by applying to 
It the edge of a piece of the blade of a broken knife bevculed 
away ; this is held in tlio hand, and the work is followed up 
with it, that its fiiarp edge may ferape away any roiighnefs 
left by the tools. Topolifh the wood, a piec'' of feal-fkin, 
Dutch reed, or glafs paper, is lield by the hand upon the 
work as it runs round, and it cuts away a fine powder, mak- 
ing the work fmooth enough to receive a polifh. This is 
raifed by firft applying a piece of becs-vvax, till the work is 
flightly covered with it, then afterwards buriiifhing or 
polifhing it, by holding a flat ]).ece of liard wood upon it. 
The finifh can be given by llii- friction of a coarfe woollen 
rag, lightly fmcared witli olive oil. 

Ivory is turned nearly in the fame manner, but is pohihed 
with chalk and water, and afterwards by the (riclion ot a 
woollen cloth ; or, if it is firfl touchi'd with an oily rag, ami 
rubbed off with a dry woollcf cloth, it will have a very fine 
furface. 

This is only the fame procefs as is ufed for ordinary liirn- 
ing ; but when the work is fiiiiflied in this manner, the orna- 
menting is began by rcleafing the bolt, 2, (d‘ the mandrel- 
frame GJd, and chufirig the rofette bed adapted to the 
pattern which is required. The piece, is fet upon the tri- 
angular bar, to be in conta6l with its wave, and will thus give 
the ofcillating motion, as before defenbed ; fo that when the 
tool is applied to the work, it will produce a waved or in- 
dented furface, or outline, correfponding with the figure 
of the rofette, Inflead of the circular figure ]>rodu(‘ed by the 
common lathe. 

If the ornamenting is to be performed upon a flat furface, 
fuch, for inllance, as the lid (»r top of a box, it is chin k^’d, 

IS fhewn 6, and the point of the tool being appli'-d to 

It, will cut a waved line. To do this more convcMiiently, 
the Aider, is advanced to the work, by prcfliiig it with 
the hand inflead of the fcrew i ; for, by lifting up a fmall 
rpring catch, of v'hich the tail is fecn plainly at fig* 
the Aider is releafed from the nut of the fcrew i, which has 
no other attachment to the Aider than by a tooth on this 
. ntch entering into r. notch mi the nu**. ar d it is prcA’cd into 
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the notch by a fcrew /. Now, by releafing the fcrew /, 
lifting up the catch 3, and drawing back the Aider, the 
tooth of the catch falls behind the nut of the fcrew, in- 
ttead of being in the notch ; it will, therefore, form a 
flop, to check the advance of the tool, though it allows it 
to be drawn back to clear the work, and alfo to he pufhed 
up towards it by the hand, to cut the line, the flop regii. 
lating the depth of the line, as the hand can advance th»* 
Aider no farther wht'ii it meets the nut. 

In this manner, a waved line is engraved round the edg* 
of it, fuch as is fhewn in q, tlie breadth of the line being 
determined by the depth to which the point of the tool i - 
regulated to penetrate, by turning the fertuv /. The outei 
line being thus finiflied, the tool is now withdrawn to cleat 
the work, and the fcrew, df of the great Aider being turned 
a fmall quantity, the point of the tool is brought nearer to 
the centre of the work ; here, by pufhing up the tool, an- 
other line is delcribcd ; then a third within the fecond, and 
fo on, at equal diilances, until they reach the centre : this 
makes a very pretty ornament, as in fig. (j. It fhould be 
obferved, that as cacli line has the fame nninber of waves, 
or indentations, they will ncceffanly grow very fine as they 
appro ich towards the centre; but at the fame tunc as the 
deviation from tlie circular figure is equal in the fmallell as 
well as the largcll rings, it follows, that the curves of the 
waves of each ring, or line, will vary in a very gradual and 
pleafing maimer, being flightly curved at the circumference, 
and more rapidly towards the centre. This pattern admits of 
great variety, by employing difFcrcnt rofettes, line or coarfe, 
concave or convex ; but it will alw'ays have llie waves included 
in liraight lines direi^ted lo the centre. A very pretty varia- 
tion is made by turning the rofette round upon the mandrel a 
viM-y fmall (jiumtity every time Ixdbre a frefli line is delcribcd. 
For this purpuie, the rolettes are not fixed faft^ upon the 
mandrel, but are lilted thert'iipon, fo as to admit of turning 
round, being moved by a fmall fcrew at the end towards 
H. A'? ail example of the ufe of this movement, fig. 10. is 
given, w'hieh confills of a role of twenty-four waves. Jn 
this, after draning the exterkw lini’, in tlie fame manner as 
the former, when tlie Aider is fet for the fecond, the rofette is 
turned lound upon the mandrel a quantity equal to one- 
fourth of a wMve, or one-ninty-fixth part oi the whole cir- 
cle : the circle is now deferibed, and its waves will not fall 
exadlly within thofe of the former, hut a little a<lvanced 
tlierefrom. The next time a circle is to be drawm, the ro- 
fettc is again fhifted, and foon. As this is a qurmtity equal 
to onc-fourth of the fpacc between the vraves, it is plain 
that at every fourth line the waves will fall 111 lines drawn 
towards tlie centre. Still this will not affei^t the ap- 
pearance, wdiich will he totally different from the former, 

( Air* 9*) very fuperior to it. Thr concentric lines, in 
cither of thefe ontterns, are made cxadtly at cqu il diilances, 
by means of the divifions befon -mentioned, upon the Aider 
K, or otijcrwnfe by divifions made upon a head, wliich is 
luted upon the end of the fcrew d\ and the rofettes are fet 
exactly to the quantity they are iiUended to be turned 
round, by meaiu of divifions made upon tlie etlge of a cir- 
iiilar ]dnte, wliich is fixed fail upon the mandrel, towards 
the end 1 1, and a line or mark upon the lalt rofette applies 
to it. '^i’he fcrew wliich efl’etts ihe movement is fup- 
ported in hearings upon this plate, and a6ls in the teeth of 
a wheel, fixed within the hollow of tlie la(l vofettr. By this 
mean?, when the fcrew is turned round by a key, it 
caufes all the rofettes to turn round together any quantity 
which the divifions on the circh' indicate. On this priu- 
ciple, great varieties of pattenn may be made, and they 
may be greatly divcrfificd by fhifting the rofettes alter- 
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tiaiely in contrary cliredions : thus, after eight, twelve, or 
any other luiraber of rings have been drawn, by gradually fliift- 
ing them each time, as before deferibed. By revcrfingthe 
fliifii.ig movement to the oppofite dircftion, a toL-l change 
will be pn>duced ; and continuing in this manner for eiglit 
or twelve more circles, the rofettes are again to be advanced 
in the firil-mcntioned direction, and continued for eight or 
twelve. This method produces a curious cffe£f, and admits 
t>f much variety in the pat tennis. 

After, having drawn a waved line, the rofette may be ad- 
vanced half a divifion, and then another line drawn, without 
altering th" flide-reft. By this means, the two waved lines 
w'ill intei*fe6t each other, and make a number of loops like 
a chain of beads. A number of concentric lines of this fort, 
drawn upon a circle, is very haudfome. 

We have now (hewn the principal diflinftions of the 
patterns which can be defenbed upon a flat furface ; but it 
is evident, that from the number of the rofettes, a very nu- 
merous fuit of curious combinations can be made. An ellip- 
tical and an excentric chuck are adapted to this machine, 
to ferew on at T : a new field is thus opened, which is fo 
extcnfive as to exercife conftantly the taltc and fancy of the 
operator, in producing new combinations, and renders the 
machine a foiirce of the moft interelling amufemciit. The 
elliptical and excentric chucks, when applied to a common 
lathe, will form a great many interefting patterns, but arc 
valtly more extenfive with the rofe engine. Their conftruc- 
tion will be defenbed under Turning. It is lufficient here 
to fay, that by the elliptical chuck, the waved lines may" be 
drawn in ellipfes, inltead of circles ; and by the exctuitric, 
feveral fmall weaved circles, or ellipfes, can be arranged 
round the circumference of a larger circle, and their inter- 
fe^fions produce a very pretty efCdt. 

Another fpecies of rofe-turning is performed upon the 
furface of a cylinder, globe, or cone ; whereas that which 
we have deferibed is only upon the flat furface of a circular 
piece, or end of the cylinder. To ornament the furface of 
the cylinder, the flidc-rcll is turned round one-fourth of a 
circle, as before deferibed, for forming the cylinder ; fo 
that the long Aider becomes parallel to the mandrel. In 
this way the whole furface of the cylinder may be waved ; 
but great care nnift be taken to advance the tool very'^ gra- 
dually, becaiifc it will not cut fo readily as when turning 
circular work. By dividing the length of the cylinder into 
fmall equal portions, and by fliifting the rofettes every time 
one of thefe is finifhed, the waves may be made to follow 
each other in a fpiral direction round the cylinder ; or, by 
a proper rofette ufed in this manner, very elegant patterns 
of baflcct'Work may be formed. 

There is another movement of the rofe lathe, w^hich we 
have not yet deferibed : this is called the pumping. It is 
principally ufed for deferibing waved lines upon the furface 
of a cylinder; that is, the furface is left cylindiical, but 
the lines are waved in the diredliori of the length of the cy- 
linder, or alternately towards its ends. This is elTetted by 
making the mandrel move end- ways in its bearings ; for 
which purpofe, the necks upon which it turns arc made ex- 
aAly cylindrical, and fitted very correftly to fteel collars, 
which arc fixed into the flandards, G, H. It has, there- 
fore, liberty to Aide end-ways in its collars, when the 
pumping motion is required. This is given by" rofettes 
waved upon the edge or fide, and ailing againft the fide of 
a piece of Heel, fuch as Jig, 7. A fpring, Jig, 6, is 
fixed at the end of the tramc, and aAs againfl the ihoulder 
of the mandrel, to force it end- ways, and keep the rofette 
alw^ays in contadf with the piece of fteel. The rofettes, M, 
are cut in a waved manner upon their fides, as well as upon 
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their circumfei ernes ; and thus a variety ot pumping ro 
fettes are obtained. By this means, curious waving lines 
may be drawn round a cylinder; or, if the motions lirll 
deferibed are ufed in combination with the pumping, the 
furface of the cylinder may be waved, at the fame time that 
waved liner are drawn upon it. In this cafe, the two ro- 
fittes employed mutl have the fame number of waves. 
When the pumping motion is ufed upon face or flat 
work, fiiL'h as is fhewn 'm Jig, 6, it produces very agreeabir 
eflefts, by rendering the waves of the line, which the tool 
cuts, alternately deeper and (hallo wer, fo as to give fine 
and ftrong ftrokes alternately, in the manner of fine writing : 
or, if the tool is not fci fo deep, they will only be cut on 
one fide of tlic wave, and diminifhing gradually, will not be 
feen on the other, and thus produce a number of new 
patterns ; as the waved lines will confift ot detached ftrokes, 
cut fine at each tmd, and deep in the middle. 

Many patterns may be cut very expcditioufly in the rofe 
engine by means of ferew tools : thefe tools arc formed like 
a broad chifl'cl, but the edge is cut with notches, fo as to 
prefent a number of points inftead of one continued edge. 
Tht'ft points are very exactly equidiftant, being intended to 
cut Icrcws ; and therefore the teeth are of the proper figure 
to forn. the threads thereof. By a tool of this kind fix or 
eight lines may be cut at one operation, inftead of the trouble 
of altering tlie flide-rell, and cutting each feparatcly ; and 
there will he a greater certainty of cutting them all to the 
fame depth, and exa^ily equidiftant. The mode of cutting 
fcrew"s by this tool is called culling flying, and is thus per- 
formed in the rofe, or in any common lathe, without a flide- 
reft. The intended ferew being turned cylindrical, the points 
of the tool are applied to its furface, fo that they will cut, 
and the tool is regularly advanced up towards the mandrel as 
it turns round ; its teeth will, therefore, inftead of defenbing 
circles, trace the fpirals of a ferew on the work ; and if the 
advancement is timed fo cxaftly that in one revolution the 
too) is advanced the exa^I quantity of a fpace betw^een two 
adjacent teeth, then the fecond tooth will, at the end of a 
revolution, fall into the fpiral cut by the firfl tooth, and one 
complete fpiral being thus obtained, it guides the wdiole tool, 
by means of the fecond tooth, regularly along, the firli 
tooth continuing to cut the fpiral forwards till a third tooth 
lays hold, then a fourth, and fo on, till the required length 
of a ferew is cut. The trace of a ferew being thus made, the 
tool is prefted deeper, till the threads are fully formed, the 
turner taking care, every time, that the end-tooth of the 
tool gets to the end of the ferew, to difengage it, and draw 
it back, for as it could not advance any further than the 
(houlder, it would fpoil all the threads by cutting them to 
circular rings. 

This m nhod re quires great liabit and dexterity to give the 
motion lo exadtly that it w^ill caufe the teeth to fall properly 
into the fj>irals cut by their predcceflbrs, and that without 
any fudden advance at the place, fur the ferew would then 
be w'hat is called drunken, that is, its threads would be 
more inclined at one part of its revolution than at another, and 
fuch a ferew tan nevi r be fitted exaCf ly with its fellow. The 
habit of cutting ferews accurately with the ferew-tool, can 
only be acquired by practice and experience, the only pre- 
caution which IB taken being to get the lathe-wheel into a 
regular motion, and at fuch a rati* as has been found, by ex- 
perience, will be proper for the fize of tlic thread intended to 
be cut. The rofe engine before us has :i very complete appa- 
ratus for cutting ferews, which defer ves, a particular deferip- 
tion. A tube is fitted on the end of the mandrel at 0, itf 
circumference being cut with a fpiral, or ferew-thread of the 
decree of finenefs required : this is called the regulator ferew. 
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H is a Aider, fitted to the ftandard H, and moved by a Icrcw : 
r IS a wheel fixed to this Aider, and having feveral half-circle 
cavities cut in it, which embrace the fcrew, as (hewn in Jlg^io: 
each cavity or focket has a thread in it, correfponding with 
the regulator fcrew. The mandrel being made, as before- 
mentioned, with cylindrical collars at each end, is at liberty 
to Aide endways by the movement of the regulator, when 
the fcrew H draws up the focket r ; therefore, every tiling 
being prepared for cutting the thread, the fcrew H is turned ; 
this raifes up the Aider, and focket r, to touch the regulator ; 
the tool is then applied by the Aide-reft, and the lathe being 
put in motion, the mandrel will move along endways, and 
alfo the work with it, fo that the tool will cut a fcrew, al- 
though it is held fall by the reft. In this cafe the (crew 
may be cut by a Angle pointed tool, but it will be better to 
ufe a fcrew tool which is of exaAly the fame thread as the 
regulator. The turner Aiould be provided with a variety of 
feti of fcrew tools, and as many regulators, o, correfponding 
to them, which are made like a tube, and fitted on the man- 
drel, being held by a nut. The focket r, which is made like a 
wheel, Jig. lo, can be turned round on its centre, and has 
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fix difterent half-circle notches cut in it, each adapted to a 
particular regulator ; therefore, by turning this wheel, r, any 
of the notches can W applied to the regulator o, when the 
Aider is raifed up by the fcrew H. This Icrew regulator may 
be fometimes \ifed to advantage when ornamenting the cir- 
cumference of a cylinder of wood or ivory, as contiguous 
circles, or waved lines, may then be cut in a fpiral direftion, 
without moving the Aidc-reft to cut each one feparately. 

Another part of the rofc engine is for the purpofe of 
turning fv^ afti work ; this is circular work, but the mouldings 
or other lines traced round the cylinder are inclined to the 
axis. An inftance is fecn in the baluftrades of old-faAiioncd 
ftair-cafes, where the mouldings are made to fuit the in- 
clination of the (lairs. To turn this kind of work, a tteel 
circle, or hoop, V, is fitted on the end rofette of the man- 
drel, fo that it can be inclined from the perpendicular thereto 
at pleafure : by this means it forms a guide for tlie pumping 
motion, which will lo regulate it as to turn any work of this 
kind, m. with the mouldings, or other ornaments, arranged 
in lines round the cylinder, but tliefe lines will incline to the 
axis of the cylinder inftead of being perpendicular to it. 
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rothi:ram, in Grography^i a market-town and parifli 
in the upper diviiion of the wapentake of Strafford and 
Tickhill, Well-Riding of Yorklliire, England, is fituatid 
near the confluence pt the rivers Rotlier and Don, at the 
dillance of 45 miles S. by W. from the city of York, and 160 
miles N.N.W. from Eondon. It is defcribed by Eeland a. 
“ a meatly large town, with a fare collegiate chirch,*’ which 
was founded by Thomas Scott, archbilhop of York, and a 
native of Rotheram, in 1481, for a provoll, five priellii, a 
fchool-maftcr in fong, and fix chorillers, alfo a fchool-mailer 
in grammar, and another in writing. This ellablifimient wa> 
diflblved by king Henry VI 11. Camden calls Rotheram “ a 
large footy market town,*’ and not unaptly, for even at the 
prefent day it is far from meriting the appellation of hand- 
fome or agreeable. The flreets are narrow and irregular ; 
and the lioufes, which are molUy conftrudled of ilone, have 
a dull and dingy appearance. A confidcrablc trade in cc>al> 
and t>ther articles is carried on here, by means of the river 
Don. The market day for corn, cattle, and butclier’s 
meat is on Monday, weekly ; and on every alternate Mon- 
day is a fair for fat cattle, fliecp, and pigs ; there are alfo 
two annual fairs, on Whit Monday, and trie firit day of De- 
cember. Both markets and fairs are well attended ; indeed 
Rotheram is one of the two grcatefl marts in Yorkfhire for 
fat cattle and flieep. The cnief public buildings are the 
town-hall, the parifli-church, and two mceting-lioufcs, one 
for Independents and another for Methodills. The church, 
according to Burton, in his Monaflicon Eboracenfc,'' wa& 
creded in the rtfign of Edward IV. It is a handfome and 


fpacious edifice, in tfie early pointed llyle, and conlills ol a 
nave, with two fide alflcs, a chancel, and a tower at the weft 
end. Annexed to the clinrch is a fchool-houfe, for the 
education of thirty poor cliildren of the parifli of Rotheram. 
T. he clergyman for the time is governor, and has the nomi- 
nrtion of the cliilcirea ; but the truftccs of the founder, 
Thomas Hollis, of Eondon, efq. appoint the mafter. Thij 
inIHtulion is managed under very excellent regulations, a 
copy of which is delivered to the parents of all children ad- 
mitted to its benefits. In this town is likewife an academi- 
cal inllitiition, or college, for the education of Protcftaiit 
dillentcrs. It is called “ The Rotheram Independent Aca- 
demy,’' becaufe mt>rc immediatcry conncC\ed witli the clafs 
of rcligionirts called Independents. It was firft opened in 
Novem^T, 1795* tinder the fuperintendance of the Rev. 
Dr. Williams, who prefided as divinity tutor, and is de- 
figned for the education of young men propofing to be- 
come Independent clergymen. This academy is fupported 
by voluntary contributions. The building appropriated to 
it was ereded by the late Samuel Walker, cfq. and is calcu- 
lated for the convenient accommodation of fixteen ftudenis. 
The library contains above 1200 volumes, chiefly prefented 
by patrons of the inilitution ; and there is likewife a toler- 
able colledlion of philofophical apparatus. The term of 
Itudy is four years, but the managers have a difcretionary 
power to prolong it if they think proper. 

According to the parliamentary returns of i8li, the 
town of Rotheram alone contained 731 hoiifcs, and 2950 in- 
habitants ; and the reft of the parifh, including the town- 
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fliip3 of Bririfwortli, CatlifFe, Dalton, Orgreavc, and Tiiif- 

Icy, 209 houles, and 986 inhabitants. 

On the oppofite fide of the river from Rotheram is the 
townfliip, or village, of Maxborongh, where very extenfive 
iron-works are carried on by Melirs, Walker. At thefe 
works cannon of the largell calibre are manufa£tured, as 
arc alfo almoil every kind of call-iron articles, with many 
of wruught-iron, fiich as bar, ihcct, Hit, or rod iron. Tin 
plates, and Heel of every defeription, arc likewil’e made here 
in great quantities ; and llic iron bridges at Sunderland and 
Yurm were call at thefe founderies. The coal, and the 
iron-lloiK' for tin* blall-furnaces, are cincfly fnpplicd from 
the mines on the ellalco of tlic earl of Kflingliain, and thofc 
of earl Fit /william. Thefe works were commenced, in 
1746, by Mr. Samuel Walker, and his brothers Aaron and 
Jonathan, and liavc ever lince been prc^grelHvcly iiiGreafing 
in extent and importance. In the Methodill meeting-houfe 
is a monument in memory of Mr. S. Walk('r ; the epitifih 
was compofed by the celebrated poet, the Rev. William 
Mafon, who was one of his moll intimate friends. 

The environs of Rotheram are agreeable and pi6iiiref(|ue. 
On an eminence to the ealtvvard of the town Hands an ele- 
gant manfion, belonging to tlic Walker family, which, in 
point of fitiiation, can Icarccly be excelled. A Id war k -Hall, 
the feat of J. S. Foljambc, cfq. lituatcd at the diilance of 
four miles from Rotlierum, is alfo remarkable for its fine 
fituation. Near it is the village of Wickerlley, noted for its 
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manufafture of grindllones, of whicli about coco, ot various 
Ir/es, are Hated to be formed annu.'illy, and lent to Sheffield. 
The other principal feats in tlic neighbourhood of Ro- 
therani, bcfides thofc mentioned, are Thiinderclilfe Grange, 
tlic feat of the carl of Effingham, and Wentworth Houle, 
the princely refidcnce of earl Fitzwilliani. The latter houfe 
conlilts of a centre and two wings, extending about 600 
feet in length. Many of the apartments are moll fuperb, 
efpccially the hall and gallery, the latter of which is fup- 
ported by beautiful Ionic columns, having intervening niches 
filled with marble llatiies. Here, and in other parts of 
the houfe, are likewife many paintings ; and among otheis 
tlic famous picture of lord Straflord and his fecrctary. 
Some fine antiques are ])refcrvcd in a room called the mil- 
fv.*um. Wentwork-park comprifes upwards of 1500 acres 
of ground, beautifully diverfiiied with wood, water, and 
lawn, and is enriched by fevcral ornamental buildings. 
Among tliefe is a moll magnificent maufolcum, creeled by 
the prefent carl Fitz william, in honour of his uncle, the late 
marquis of Rockingham. It is coiillrudled of a very fine 
frcc-llonc, and confills of three divifions ; tlic firll is a fquare 
Doric bafement ; the fecond of the fame form, but of the 
Ionic order ; and the third prefents a uipola, fiipportcd by 
twelve columns of the fame charadlcr. Within is an apart- 
ment riling into a dome, wliieh relts upon eight pillars, en- 
circling a white marble llatue of the marquis in his robes of 
Hate, executed by Mr. Nollckens. Beauties of England 
and Wales, vol. xvi. by J. Biglancb 



Rum 


RUM» a rpecies uf vinous fpirit, drawn by diilillation 
from fugar-canes. 


The w'urd rum is the name it bears among the native 
Americans. 
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Rum is very hot and inflammable, and is !n the fame ufe 
among the natives of the fugar-countrics, as brandy amonjr 
the French. 

Rum differs from ivhat we limply call fugar-fpirit, in 
that it contains more of the natural flavour or efl’ential oil of 
the fugar^ane ; a great deal of raw juice, and parts of the 
cane itfelf, being often fermented in the liquor, or folution 
of which the rum is prepared. 

The iinftuous o'* oily flavour of rum is often fuppofed to 
proceed from the large quantity of Fat uf(‘d in boiling the 
lugar; which fat, indeed, of courfc, will ufually give a 
ftinkiiig flavour to the fpirit in our diflillation of the fugar 
liquor, or wafh, from our refining fugar-houfes ; but this 
is nothing like the flavour of the rum, which is really the 
cffedl of the natural flavour of the cane. The method of 
making rum is this : 

When a fufficient flock of the materials is got together, 
tl;ey add water to them, and ferment them in the common 
method, though the fermentation is always carried on very 
flowly at firll ; becaufe at the beginning of the feafon for 
making rum in the iflands, they want yeaft, or foine other 
ferment, to make it work ; but by degrees, after this, they 
procure a fufficient quantity of the ferment, wind) rifes up 
as a head to the liquor in the operation, and thus they are 
able aftcrward ‘5 to ferment and make their rum with a great 
deal of expedition, and in large quantities. 

When the wafli is fully fermented, or to a due degree of 
acidity, the diltillation is carried on iu the common way, 
and the fpirit is made up proof ; though fometime^ it is re- 
duced to a much greater ftrevigth, nearly approaching to that 
of alcohol or fpirit of wine, and is then called double- 
diflilled rum. It might be eafy to redify the fpirit, and 
bring it to much greater purity tlian we iifuidly find it to be 
of ; for it iiriugs over in the dillillation a very large quantity 
of the oil ; and this is often fo difagrceablc, that the rum 
miiil be fuflfered to lie by a long time to mellow before it can 
be ufed ; whereas, if well redificd, it would grow mellow 
much fooner, and would have a much lefs potent flavour. 

The befl; Rate to keep rum in, both fur exportation and 
other ufes, is doubtlefs that of alcohol, or recFlified fpirit. 
In this manner it would be tranlparcnt in c\nc-half the bulk 
it ufually is, and might be let down to the common proof 
flrenglh with water when necclfary. For the common ufe 
of making punch, it would likevvife ferve much better in 
the Rate of alcoiiol ; as the t, :le would be cleaner, and the 
ftrength might always be regulated to a much greater exadt- 
nefs than in the ordinary way. 

The only ufe to which it would not ferve fo well in this 
Hate, would be the common practice of adulteration among 
our diftillera ; for when they want to mix a large portion of 
cheaper fpirit with the rum, their bufmefa is to have it of 
the proof llrengtli, and a'? full of the flavouring oil as they 
can, that it may drown the flavour of the fpirits they mix 
with it, and exU nd its own. If the bufinels of r< ftifying 
rum was more nicely managed, it feems a very praflicabk 
fcheme to throw out fo much of the oil, as to have it in the 
fine light flute of a clear fpirit, but lightly impregnated with 
it ; in this cafe it would very nearly refemble arrac, as is 
proved bv the mixing a very fmall quantity of it with the 
taftelcfs fpirit, in which cafe the whole bears a very near re- 
femblancc to arrac in flavour. 

Rum is ufually very much adulterated in England ; fomc 
arc fo barefaced as to do it with malt-fpirit ; but w Vn it is 
done with mclafles-fpirit, the taftes of both are fo nearly 
allied, that it is not eafily dilcovered. The befl method of 

» iiigof it is by fetting fire to a little of it ; and, when it 
burnt away all the inflammable part, examining tlie 
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phlegm both by the tafte and fmcll. Shawls Effav on Dif- 

tillery. 

Mr. B. Edwards, in his « Hiltory of the Weft Indies,'" 
vol, ii. has given the following account of the procefs for ex- 
trading rum from the fugar-cane, or from the very dregs 
and feculencies of the plant, by fermentation and diftillatioii. 
He commences his account with obh rving, that the flill- 
houfes on the fugar-plantations in the Britifh Weft Judies, 
vary greatly in point of fize andcxpeiice, according to the 
fancy of the proprietor, or the magnitude of the property. 
In general, however, they are built in a fubflantial manner of 
ftone, and arc commonly equal to the boiling and curing- 
houfes togetlicr. ( See Sikjah. ) For a plantation making, 
communlhus annls^ 200 Iiogflieads of fugar of 1600 weight, 
our author conceives, that two copper flills, the one of 
1200, and the other of 600 gallons, wine meafure, with 
proportionate pewler worms, are fufficient. The fize of the 
tanks (or tubs) for containing the cold water in which the 
worms arc immerfed, mufl depend upon circumflanccs ; if 
the advantage can be obtained of a running dream, the 
water may be kept abundantly cool in a vcHc l barely large 
enough to contain the worm. If the plantation lias uu 
other dependance than })ond-water, a flon<‘ tank is nmchfu- 
periorto a tub, as being longer in beating, and if it can be 
made to contain from twenty to ihirty-thoufaml gallons, the 
worms of both the flills may be placed in the fame body of 
water, and kept cool enough for condeiifmg the fpirit, by 
uceafional lupplies of frefli w^ater. 

For working thefe flills and worms, it is neceffary to pro - 
vide, firfl, a dundcr-eifleru, of at leall three thoufand gal- 
lons ; fecondly, a eiftern for the fcumminga ; and laflly, 
twelve fermenting vats, or ciflerns, each of them of the con- 
tents of the largeft Hill, 1200 gallons. In Jamaica, 
ciflerns are made of plank, fixed nr clay ; and arc univer- 
fally preferred to vats or moveable vcdfels, for the purpofe of 
fermenting. They arc not fo cafdy aflV6ied by the changes 
of the weather, nor fo liable to leak as vats, and they lafl 
much longer. I^ut in the Britiffi dillilleries, fermenting 
ciflerns, it is faid, arc unknown. To complete the appa- 
ratus, it is uecefl’nryto add two or more copper pumps for 
convening the liquor from the ciflerns, and pumping up the 
dr.nd“r, and alfo butts or other veliels for fecuring the fpirit 
whtn obtained ; and it is ufual to build arum-flore adjoining 
the flill-houle. 

The ingredients or materials for tlie procefs confift of mc- 
lallcB, or t reach' drained from the fugar ; fcummings of the 
hot cane-juice, from the boilnig-houle, or fomeiimos raw- 
cane liquor, from canes exprefl'ed for the purpofe: lees, or, 
as It is called in Jamaica, “ dunder,*' from the Spaniffi re- 
dundcTfXhi^ fame ixhredumians m Latin ; and water. Dunder, 
in the making of rum, ferves the purpofe of yeail in 
the fermentation of flour. It is the lees or feculencies of 
former diflillations ; and forne planters preferve it for ufe 
from one crop to another ; but this is faid to be a bad prac- 
tice. Some fermented liquor, coinpofed of Tweets and 
wat^r alone, ought to be dill died iu the firfl inliance, that 
frefli dunder may be obtained. This is a d.fldlvent men- 
ftruura, andocc-ifions the Iweetswith which it is combined, 
whether melaffes or fcummings, to yield a far greater pro- 
portion of fpirit than can be obtained without its affiflance* 
The water which is added in fomc degree in the fame 
manner by dilution 

III the Windward iflands, the procefs, we are told, is 
condu£led as follows : the ingrtdients, viz* fcummings, one- 
third ; Ices or dunder, one-third, and one-third of wa^cr, 
are well mixed in the fermenting ciflerns, and when they are 
pretty cool, the fermentation will nfe, in twenty-four hours. 
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to a proper heigkt for admitting the firft charge of melaiTet, 
of which ftx gallons for everjr hundred gallons of the fer- 
in»^*nting liquor, is the general proportion to be given at 
cwicc ; Wk. three per cent, at the lirfl charge, and the other 
feven per cent, a day or two afterwards, when the liquor is in 
a high ftate of fermentation ; the heat of which, however, 
Oiouid not, in general, be fufferedto exceed from 90“^ to 94® 
Fahrenheit. The infufion of hot water will raife, and of 
cold water abate the fermentation. The quantity of me- 
lafTes above-mentioned, added to a third of feummings, 
gives iii per cent, of fweets, fix gallons of feumtnings 
being recKtnicd equal to one gallon of molaUcs. When the 
fermentation falls by eafy degrees from the fifth to the 
feventli or eighth day, fo as then to become fine, and throw 
up flowly a rew clear heads or air-globules, it is ripe for dif- 
tillation ; though when the liquor is firfl fet at the beginning 
of the crop (the houfe being cold, and the ciflcrns not fa- 
turated) it will not be fit for dillillatioii under ten or twelve 
clays. When this is the cafe, at a longer or fhorter period, 
llie liquor or wafli being qoiivcyed into the largeft dill, which 
mud not be filled higher rliair within eight or ten inches of 
the brim, led the head flmuld fly, a deady and regular fire 
mud be kept up uiilil it boils, after which a little fuel will 
for VC. In about two Ijdiirs the vapour or fpirit, being 
condenfed by the ambient fluid, will force its way through 
the worm in the l]ia])e of a dream, as clear and tranf- 
parent as cry dal, and it is fiidVred to run until it is no 
longer inflammable. The fpirit thus obtained is known by 
the appellation of “ low wines.*' To make it rum of 
the Jamaica proof, it undergoes a fecond didillation. Be- 
tween the practice of the Jamaica didillers, and that of 
thole of the Windward iflands, there is fome little variation 
in the lird procefs. This conlids chiefly in the more copious 
ufe of (lundcr. As dunder ferves to diffolve the tenacity of 
the facchtirinc matter, it fliould be proportioned, not only 
to the quantity i but alfo to the nature of the Iweets. If 
the Iwccts in the fermenting cidern conlid of melalles alone, 
which is generally the cafe after the bufinefs of fugar-boiling 
is finifheo, when no feummings are to be had, a greater pro- 
portion of dunder is nccefl'ary ; becaufe melalles are a body 
of greater tenacity than canc-liquor, and are rendered fo vii- 
vous and indurated by the adion of fire, as to be unfit for 
fermentation witliout the mod powerful falinc niid acid lli- 
aiulators. For the fame rcafon, at the beginning of the 


Dunder one half, or 

f MclafTes - 

Sweets 12 per cent. 

J Scummings 

Water 

L 


Of this mixture, or wadi," as it is fometimes called, 
*200 gallons ought to produce 300 gallons of low-wines; 
and the dill may be twice charged or drawn oft* in one day. 
The method of adding all the melafiea at once, which is done 
foon after the fermentation commences, renders tlic procefs 
fafe and expeditious ; whereas by charging the melaffes at 
different times, the fermentation is checked, and the pro- 
cefs delayed. 

The low-wincs obtained in the manner above deferibed, 
arc drawn off into a butt or veffel, and, as opportunity 
ferves, are conveyed into the fecond dill o£ 600 gallons, 
to undergo a further didillation. The dcam begins to run 
in about an hour and a halfi and will give, in the courfe of 
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crop, when no melaffes can be had, and the fweets confid of 
cane-juice or feummings alone, very little dunder is necef- 
fary. In fuch cafe twenty per cent, at the utmod will be fuffi- 
cient. Dunder, in a large quantity, injures the Jlavf*ur^ 
though it may increafe the quantity of the fpirit. Dr. Shaw 
fays, that the Englidi didillers add many things to the fer- 
menting liquor or wafh, in order to augment the vinofity of 
the fpirit, or to give it a particular flavour. He obferves, 
that a little tartar, nitre, or common fait, is fometimes thrown 
in at the beginning of the operation, or in their dead a little 
of the vegetable or finer mineral acid. Tliefe are tlioiight to 
be of great ufe in the fermenting of folutions of treacle, 
honey, and fimilar fweet and ricTi vegetable juices, which 
contain a fmall proportion of acid. A fimilar practice is 
faid to prevail among the didillers in St. Cliriilopher's, fonic 
of which confider an addition of fca-water to the fermenting 
liquor as a real and great improvement. Sliaw recommends 
the juice of Seville oranges, hnnons, and tamarinds, or other 
very acid fruits, and, above all other things, an aqueous fo- 
lution of tartar ; but Mr. Edwards is of opinion, that dunder 
alone anfwers every purpofe. Dr. Shaw alfo recommends to 
the didillcr to introduce into the fermenting cidern a few 
gallons of the redtified fpirit, whicli, he fays, will revert, 
with a large addition, to the quantity of fpirit tliat would 
otherwde have arifeii from the didillation. It is fuggeded 
by Mr. Edwards, that a fmall quantity of vegetable alhos, 
thrown into the rum-dill, will be found ferviceable. The 
alkaline falts arc fuppofed to attenuate the fpirit, and keep 
back the grofs and fetid oil, which the didillers call the 
“ faints," but if too freely ufed, they will alfo keep back a 
proportion of the fine efl’ential oil, on which the flavour of the 
rum wholly depends. After all, the mod important objedl 
of attention in making good rum is probably “ cleanliiicls 
for all adventitious or foreign fubdanccs dedroy or change 
the peculiar flavour of the fpirit. It fliould, indeed, be an 
invariable pradlicc with the manager or difliller Lo take care 
tliat the ciderns are fcalded, and even clcanfed with drong 
lime-water, every time when tliey are uled ; not merely on 
account of the rum, but bt'caufe it has oftei» happened that 
the vapour of a foul ciileni has indantly killed the fird per- 
fon that has entered it without due precaution. 

The following improved method of condudling the pro- 
cefs, or of compounding the fevcral ingredients, is very ge- 
neral in Jamaica, vi%, 

50 gallons 
6 gallons 

36 {gallons 1, 

(equal to fix gaJons | 
more of mol a lies) 

8 gallons 

100 

the day, 220 gallons, or two puncheons, of oil-proof rum, 
i. e, of fpirit in w'hich olive oil will fink ; and thus the manu- 
fafture, if fo it may be called, is complete. There will 
remain in the dill a confiderable quantity of weaker fpirit, 
commonly about 70 gallons, which is returned to tlie low- 
wine butt. Thus 220 gallons of proof-rum are made, in 
fa6t, from 530 gallons of low-wines, or about 1 13 of rum 
from 1200 oi wafh. By this procefs the Jamaica didiller 
may fill weekly, working only by day-light (a neceffary 
precaution in this employment), and at a Imall expence of 
labour and fuel, twelve puncheons of rum, containing each 
110 gallons of the Jamaica dandard. The proportion of 
the whole rum to the crop of fugar, is commonly edimated 
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in Jamaica ai three to Jour, Thus a plantation, Inch as we 
have above deferib': J, is fuppofi-d to fupply annually 1 50 
puncheons of rum of iiogJions each, or 82 gallons of 
Jamaica proof to each hogshead of fugar ; and this quantity 
is fometimes fuirly made from canes planted in rich and moill 
lands ; but on a general ellimate, Mr. Edwards thinks this 
to be too great an allowance ; and that 200 gallons of rum 
to three hogfltcado of fugar, which is in the proportion of 
about two-thirds rum to the crop of fugar, is nearer the 
truth. The following llaternent warrants the'above conclufion. 
The general fupply of fciimmings to the liquor-houfe is feven 
gallons out of every iod gallons of cane-liquor, Siippofing, 
therefore, that 2000 gallons of canc-juice are required for eacli 
hogfhead of fugar of i6cwt,, the fciimmings, on a planta- 
tion making 2CO liogflicads per annum^ will be 28,000 gal- 
lons, equal to 4666 gallons of melaifes. 

Add the melailes from the cur-" 
ing-lu>ull‘, \s liich, if the fugar 
is of a good quality, will fcl- ^^UjOdO 
dom exceed 60 gidlons per I 
lioglhcad J 

Total of fweets 16,666 gallons. 


This quantity, dillilled at or after the rate of \2per cent. 
Iwcds in llie fermenting ciftern, will give 34,720 gallons of 
linv-Nsincs, which ought to produce 14,412 gallons ot good 
pioof rum, or 13 1 ouncheons of no gallons each. When 
u greater proportion than this is made, cither the fugar di(- 
chargesaii nmifual quantity of inelafl'cs, or the boiling-houfc 
defrauded of the cane-liquor by improper feumming; 
which latter circuinftanee frequently happens. 

It the praftice of late, we arc told, with many planters, 
to raile the pi\)()f of rum ; thus gaining in llrength of (pint 
wdiat IS loll 111 quantity ; and fome managers make it a rule 
to return the fciimmings to the clarifiers, inftcad of fending 
them to the itill-houfe. This laft-mentioned praftice reduces 
the crop of rum more than one-third ; but is fuppoled to 
yield in fugar more than is loll in rum : and if the price of 
fugar is very high, and that of rum very low, it may be 
prudent to adopt this method. 

For the duty, &c. on rum, fee Foreign Spirits. 

Rum, in Geogr^hy^ a town of Tonquin, on the coaft. 
N. lat. !(/ 35'. E. long. 105^ t8^— Alfo, a river of Ame- 
rica, which runs into theMiflifippi, N. Ut. 45'’. W. long. 
93° 48^ 

Rum, one of the Hebrides, or Wellcrn iflands of Scot- 
land, is fituated to the wellward of the ide of Skye, and is 
comprifed, politically, in the parifli of Small- Hies, and in 
the county of Argyle. It derived its name from the Gaelic, 
/?/;««!, fignifyiiig extent, in allufion to its being the largett 
ifland in tlie parilh to which it belongs. It is computed to 
mcafure eight miK^s in length, and nearly the fame in breadth ; 
and to contain about 22,oco fquare acres. Rum is in 


general rugged, mountainous, and barren, and morc adapted 
for palluragi* than for agriculture. Horfes arc reared in thi^ 
ifland for fale, and though diminutive in fi/e, are remarkably 
high mettled and hardy. Here are likewife reared a con- 
ficlerablc number of Ihecp, whicli are the bell Hock with 
which a mountaim-us country, like Rum, can be fiipplicd, 
The general breed is a fmall white-faced flicrp, winch is 
much prailed, both for the delicate flavour of its flcfli, and 
for the excellence of its woo!, rhis iflund formerly abounded 
with deer; but that animal is now totally extirpated, owing 
to the copfc wood, which ferved as a cover to their fawn, 
having been dcllroycd. Before the ufe of fire-arms, the 
method adopted by the iiihabitauts to kill deer was fo fin- 
gular as to deferve notice. On each fide of a glen fomicc 
by two mountains, Hone dykes were eonilrufted at a confi- 
derable height up the hills, and extended from thence to the 
lower part of the valley, always drawing nearer to each other, 
till they approached within three or four feet. This narrow 
pafs opened into a circular fpace, inclofed by a wall of f\if- 
ficient height to rellrain the deer, which were purlued hither 
aud delli oyed. The remains of one of tliefc aiiciint decr-trap” 
are Hill to bi‘ traced. Birds of prey are numerous in 
Rum ; and tluTe are bkewile a few groui'e, pigeons, ter- 
magants, and wild ducks, befides thofe birds which frequent 
the ifland only at Hated fealons of the year. The air of 
Rum, from its proximity to the wcHcni ocean, i.s moill, and 
tlie weather extremely rainy. The only harbour liere ib 
Loch -iSere fort, wliicli penetrates a confiderahle way into ih* 
ifland, on itseaHern coail. It isfpacious, its ground good, 
and its depth of water from five to fcweti fathoms. Near tin* 
head, on the fouth fi Je of this harbour, a pier lias been lately 
credted. The general appearance of Rum is, that the land 
flopes tow'ards the call ; but on the well prelents precipict‘;i 
of a tremendous height. At the bafe of the hill Sgormor 
are found abundance of agates, of that fpei e‘‘s called liy 
CroiiHedt “ Achates chalcedonilans,'* improperly white 
cornelians. Here are feveral remarkable Hrata ; fuch as 
grey quartz ; a mixture of quartz and bafaltes ; a black 
Hone fpotted with white, like porphyry, but wnth the appear- 
ance of lava ; fine grit or free-Hone ; and the cinereous in- 
durated bole of Cronfledt. There being no mill in this 
ifland, the corn is ‘‘gradanned,*' or burnt out of the car, 
initead of being thralhed. This is performed in two ways ; 
iiril by cutting off tfie ears and drying them in a kiln, and 
then letting fire to them on the floor, and picking out th( 
grams ; and ftcondly, by burning the flieaf entire, which i^ 
a moH ruinous pradice, as it deltroys both thatch and 
manure. Gradaiined corn is conjeftured to have been the 
parched corn of holy writ. 

Rum not being a parifh of itfclf, its population is not 
Hated in the parliamentary returns ; but it is cHimated to 
contain about 500 inhabitants. The StatiHical Account of 
Scotland, by fir John Sinclair, bart. 8vo. vol. xvii. 1796. 
Beauties of Scotland, vol. v. 8vo. 1808. Carlifle’s Topo* 
graphical Didionary, 410. 1813. 



Saccharometer 


SACCHAROMETER, in the Arts^ an inttrument for 
afcertaining the value of worts, and the llrcngth of different 
kinds of malt-liquor. The name fignifiee a ineafurcr of 
fweetnefs, and the inilrument leems to depend on the follow- 
ing principles. The water employed by the brewer be- 
comes moredenfe, that ii, of a greater fpecific gravity, hy 
the addition of materials extracted by, and dinolved in it, 
and thence, in fa6f, incorporated with it ; the operation of 
boiling, and its evaporation in the fiibfequent cooling, iiill 
augment the fpecific gravity, fo that when it is fubmitted 
to the action of fermentation, it is found to be deafer than 
at any other period. In pulTuig through this natural ope- 
ration, a remarkable operation takes jdace. Tlie fluid, as 
foon as it begins to ferment, begins alfo to diminilh in its 
dcnfity, and as the fermentation is more or lefs perfed, the 
fermentable matter, whofe acccflion has been traced by the 
incrcafe of denfity, becomes more or lefs attenuated, and a 
fpirituous fluid, of lefs denfity than water, is produced ; fo 
that when the liquor is again in a (late of red, it is fo much 
fpecifically lighter than it was b*-tore, as the a6fion of fer- 
men ation has been capable of attenuating the liquid of its 
acquired denfity ; and if the whole were affefted in like 
manner, the liquor would become lighter, or of lefs fpecific 
gravity than water, becaufe the quantity of fpirit produced 
from the fermentable matter, and occupying its place, would 
diminifli the denfity of the water in fome fort of proportion 
to that in which the latter was increafed. Such is the ac- 
count given ot the iaccharometer, and the theory of itt 
action. On this fubjedt it has been afked if the faccharo- 
laeter is an inftrument which truly indicates the firength of 
malt-liquor ; and are the condituents of malt alwavs dili'olvcd 
in the fame proportions to each other ? becaufe ualefs this be 


the cafe, there can be but little dependence placed upon it. 
To this it has been anfwered, by a very modern writer, that 
the faccharometer indicates corredlly tlie fpecific gravity of 
the wort before it begins to ferment. The value of the beer 
or ale, fuppofing the procefs properly condudled, always 
depends upon the firength, that is, the fpecific gravity, be- 
caufe the fame fubftances are always taken uji from good 
malt ; and the real * value of beer, to fay nothing of the 
market price, is always proportional to the fpecific gravity 
of the wort. Sec Hydrometer. 

Another writer on the fubjedt (fee Dr. Thompfon's 
Annals) . obferves, that according to the common accepta- 
tion of the word Jlrength^ in beer or ale, the faccharometer 
foretels it fuflicicntly near the truth, for Jmilar procefl’es in 
the famr brewhoufe, but it is by no means a fure guide for 
any diflimilarity in the mode of brewing, or of drawing the 
cxtradl ; for then the conilituents of malt are ml often dif- 
folvcd in the fame proportion to each other, and in all cafes 
the extradls are fuperior in value according to their priority. 
For, let the firfl, from the fame parcel of malt, be reduced 
to the fpecific gravity of the lall, and an equal quantity of 
each will give a beer very different in quility. 

The quantity of alcohol increaies during fermentation, as 
the fpecific gravity of the fermenting fluid diminiffies, but 
in what ratio no corredl experirnentB have as yet afeertained. 
The term defignated Jlrength^ in malt liquors, depends, how- 
ever, on many inexplicable circumftaiices. It is never- 
thelefs certain that the common faccharometer does not give 
the quantity of folid matter contained in a given quantity of 
wort, it (hews merely the difference of weight between 'that 
and the fame quantity of water. 



Sail-making 


^AlL-Making. By aa of parliament lor cncoura^ng the 
ufe and confumption of the manufacture of Britifh fail-cloth, 
every (hip or veffel which (liull be built in Great Britain, 
and every Ihip or veflel which fliall be built in any of his 
majelly's plantations in ATnerica, (hall, upon her lirll fetting 
out to fea, have or be furnilhed with one full and complete 
fuit of fails, made up of fail-cloth manufactured in Great 
Britain ; and in cafe fuch (hip (hall not, on her fird fetting 
out, be lo fitted out and furnifhed, that then, and for every 
fuch neglea and default, the mailer of fuch (hip (hall forfeit 
the fum of fifty pounds- 

It is likewife enaaed, that all fall-cloth made in Great 
Britain (hall be manufaaured in the manner, and according 


to the directions hereafter mentioned, v/a. every piece or 
bolt of Britifh fail-cloth, that (hall be twenty-four inches in 
breadth, and thirty-eight yards in length, (hall weigh accord- 
ing to the number and weights here mentioned : viz. N° i, 
44 pounds each bolt ; 2, 41 ; 3, 3 ^; n-4, 35; 

N''5, 32; 29; N°7, 24; N°8, 21; 9, i8 • 

and N® 10, 15 pounds each bolt. 

And in cafe any piece or bolt of either fuch refpeftive 
numbers or forts of Britifh fail-cloth (hall be made of a dif- 
ferent breadth or length than before-mentioned, fuch piece 
or bolt of Britifh fail-cloth (hall be increafed or diminifhed 
in weight, in proportion to the difference in length or 
breadth, and (hall be marked or (tamped with fuch number 
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IS fhall be agreeable to the weight ; and the warp or chain 
of every piece or bolt of the iiril fix numbers of fuch Britifh 
i'diU'loth, fiiall be wholly wTouglit and made of double yarn, 
and /hall contain in every piece or bolt of twenty-four inches 
in breadth, at leall 560 double threads of yarn ; afid in every 
piece of /ucli fail-cloth, that fiiall be thirty inches in breadth, 
at leaft 700 double threads of yarn ; and in every bolt of 
fuch fail-cloth, that fiiall be of any other breadths than as 
aforefaid, a certain number or quantity of double threads of 
yarn, in proportion to the number of double threads of yarn 
expre/fed to be contained in the breadth, as aforefaid ; and 
the warp and /hoot-yarn, which (hall be wrought in every 
piece or bolt of the firlt four numbers of fuch fail-cloth, 
fiiall be made of long flax, w'ithout any mixture of fiiort or bar 
flax; or of long flax, of Italian hemp, or Braak hemp ; and 
all the flax and hemp ufed in making the warp and (hoot- 
yarn of fuch fail-cloth, of tlie aforclaid four firft numbers, 
fiiall be of a llrong flaplc, frefh, found, and good in its 
knul, and well drefi'ed, and the yarn wa*ll cleaiifed, even 
(pun, and well twilled ; and all the Ihoot-yarn of each piece 
of fail-cloth of the four firlt numbers, fiiall be full as (Irong 
as the warp-yarn, and clofe (truck with four (hoots of treble 
threads at the di (lance of every two feet, or thereabouts ; 
and both the warp and (hoot-yarn fiiall be as (Irong as the 
w'arp and (lioot-yani that are ufually wrought in the fail-cloth 
of thofe four firll numbers that are made for and ufed in his 
inajelty’s navy ; and no flax -yarn ufed in any Britifii fail- 
cloth (hall be whitened wnth lime, on forfeiture of lixpencc 
f>rr yani, for every yard that (hall be fo whitened, made, 
fold, or worked up into new fails in Great Britain, any 
way eirentially different, lighter, or inferior in (Ircngth 
and goodnefs to any of the aforefaid directions or rcllric- 
tions. 

Every fail-maker, or other perfon who (hall make or work 
up fail-cloth into fails or tarpawlins, ftiall caufe this aCt, or 
an abdract thereof, to be put up or affixed, there to conti- 
nue, in fome public part of the loft, (hop, or workhoufe, 
where his faid trade is carried on, or his workmen employed, 
under the penalty of forty (hillings. 

The feveral aCts relative to fail-cloth and fail-making arc 
the aft of the 7 & 8 W. III. c. 10. f 14. 9 & 10 W. III. 
c. 41. 9 Geo. II. c. 37. 19 Geo. II. c. 27. 33 Geo. III. 
c. 49. 

The Fuji Procefs in Saihmaking 

Is the cutting out the various fails cloth by cloth, the 
width being governed by the length of the yard, gad', boom, 
or Hay, to which they bend ; the depth by the height of the 
mad. The width and depth being given, find the number 
of cloths the width requires, allowing for feams, (lack-cloth 
for fewing on the bolt-rope, and tabling on the leeches ; 
and in the depth allow for tabling on the head and foot. 
Eor fails cut fquare on the head and foot, with gores only- 
on the leeches, as fome topfails, &c, the cloths on the heaa, 
between the leeches, are cut fquare to the depth ; and the 
gores on the leeches are found by dividing the depth of the 
fail by the number of cloths gored, which gives the length 
of each gore. The gore is fet down from a fquare with the 
oppofite fclvage, and, the canvas being cut diagonally, the 
longed gored fide of one cloth makes the fliorteil fide of the 
next ; confequently, the firft gore being known, the reft are 
cut by it. 

For the length of gores correfponding to^thc depth on the 
4elvage, confult the following table, which (hews the length of 
any gore by its depth, from one inch to fix feet in depth on 
the lelvage of canvaa twenty-four inches wide. 



In the leeches of topfails cut hollow, the upper gores are 
longer than the lower ones ; and in fails cut with a roach- 
leech, the lower gores are longer than the upper ones. This 
can only be regulated by the judgment of the fail-maker, 
and care muft be taken that the whole of the gores do not 
exceed tko depth of the leech. 

Sails gored with a fweep on the head or foot, or on 
both, have the depth of their gores marked oa the felvage 
from tlie fquare of the given depth on each cloth, and ar« 
cut out aS above ; the longed felvage of one ferving to mca- 
fure the (hortcll felvage of the next, beginning with the 
fird gored cloth next the middle in fome (ails, and tlie firlt 
cloth next the mad-leech in others. 

For thofe gores tliat are irregular, andhkewife the hollow 
leeches of toplails, &c. no itrid rule can be given ; but by 
drawing on paper the gored fide of the fail, and delineating 
the breadth of every cloth by a convenient fcale of equ3 
parts of an inch to a foot, or, what would be better, laying- 
ofF the full lize of the (ail on the loft-floor, the length of 
every gore may be found with precifion. 

In the royal navy, mizen-topfails arc cut with three-quar- 
ters of a yard hollow in tlie foot ; but, in the merchant 
fervice, top and topgallant-fails are cut -with more or lefs 
hollow ill the foot. Flying Jibs are cut with a roach-curve 
on the day, and a three -inch gore in each cloth, (hortening 
from the tack to the clue, 

I.ajwer lludding-fails are cut with fquare li?eches, and 
topmaft and topgallant-mad-dudding-lails with goring 
leeches. 

For the cutting of all other fails, we refer to the particu- 
lar defeription of each fail, which follows. 

Tahlings of all fails are to be of a proportionable breadth 
to the fizc of the fail. Thofe for the heads of main and 
forc-courfes to be from 4 to 6 inches wide ; for fprit-courfes 
and mizens, drivers, and other boom-fails, 3 to 4 inches wide; 
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for top-faiU, $ to inches ; topgallant and fprit-topfails, 
3 inches •, royad fails, inches ; jib and other Ray-fails, 
3 to 4^ inches, on the flay or hoitt j and for ftudding-fails, 
3 to 4 inches on the head, 

Tablings on the foot and leeches of main and fore-courfes 
to be from 3 to c inches broad ; fprit-courfe and topfails, 
finches; topgallant and fprit-topiaiU, aj inches; royals, 

2 inches ; fore-leeches of mizen, driver, and other boom-fails, 

3 J to 4 inches ; after-leech, 3 inches ; and on the foot, 2 to 

3 inches, 

Tablings on the after-leech of jibs and other ftayfails to 
be from 2 to 3 inches broad ; and on the foot, 2 to 2^ inches ; 
on ftudding.iaiUeeches, to 2^ inches ; .nnd on the foot, 
from 1 to 2 inches. 

The length of reef and middle bands is governed by the 
width of the fail at their rcipcdivc places ; the leech-linings, 
buntline-cloths, top-linings, maft-cloths, and corner-pieces, 
are cut agreeable to the depth of the fail. Each cloth, and 
every article when cut, (hould be properly marked with char- 
coal, to prevent confufion or miftake* 

Reef-bands. — Main and fore-courfes have two reef- bands ; 
the upper one is one-fixth of the depth of the fail from the 
head, and the lower band fliould be the fame di (lance from the 
mper one, the ends going four inches under the leech-linings. 
The breadth one-third the breadth of the canvas. 

Main and fore-topfails have four reef-bands, or three at 
leaiip from leech to leech, over the leech-linings ; the upper 
one to be onc-eiglith of the depth of the fail from the head. 
They are the fame didance afunder in the royal navy, 
but more in the merchant fcrvice, Mizen-topfails of 50-gun 
fliips, and upwards, have three reefs ; the upper one is one- 
eighth of the depth of the fail from the head, and the reefs 
are the fame didance afunder. Mizen-topfails of leffer fhips 
have two reefs one-feventh the depth of the fail from the 
head, and the fame didance afunder. Tlie reef-bands have 
each half a breadth of canvas. Main and main-top-ftud- 
ding-fails have eacli one reef, at one- eighth of the depth of 
the fail from the head. 

The middle bund is made of one breadth of canvas of the 
fame number as the top-linings, and is put on half way be- 
tween the lower reef and the foot. 

Linings. — Main and fore-courfes are lined on the leeches, 
from clue to earing, w'ith one cloth. Main, fore, and mizen- 
topfails, have Icech-linings made of one breadth of cloth, fo 
cut as to be half a cloth bro^id at the head, and a cloth 
and a half broad at the foot ; the cloth to be cut from 
half its breadth at one end, fo as to taper to a point at the 
other. 

Mizens are lined with one breadth of cloth from the clue 
five yards up the leech ; they have alli> a nock-piece, and a 
peek-piece, one cut out of the other, fo that each contains 
one yard. 

The maft-lining is of tw'o cloths, and extends from the 
foot of the fail to the lower reef, to receive the beat or chafe 
of the maft. 

The top-lining of top-fails is of canvas 6 or 7. The 
other linings of this and all other fails (hould be of the fame 
quality as the fails to wdiich they belong. 

Lower {layfails, fore-top and main-top-ftayfails, and flying 
jibs, have clue-pieces two yards long. 

Square tack-(l ay fails have half a breadth of cloth at the 
fore-part ; with a clue-piece containing two yards, and a 
peek-piece containing one yard. 

Buntline-Cloths . — Main and fore-courfes have four bunt- 
line-cloths, and all topfaih two buntline-cloths, from the foot 
to the middle band, of one breadth of canvas. 

Sails to have bonnecs are cut out the whole depth of the 
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fail, bonnet included, allowing enough for the tablings 
on the foot of the Cail, and head and foot of t\\c bonnet. 
The bonnet is cut off after the fail is fewed together. If a 
drabbler is required, it is allowed for in the cutting out the 
fame, as in the bonnet. 

Lhe Second Proerfs in Sail-maling 

Is the fewing of the various parts of a fail together ; and, 
firll, the 

Scams . — Sails have a double flat feara, and (hould be fewed 
with the beli Englifli-madc twine of three threads, fpun 360 
fallunns to tlie pound, and to have from lofl to 1 16 flitches 
in every ^ard in length. 

The twine for fewing main, fore, mi/cn, and fprit-coiirfcn, 
topiails, and (layfails, m the royal navy, is waxed by hand 
with genuine bees-wax, mixed with one-lixth part of clear 
turpentine ; and for (mull fails, in a mixture made of bee!» 
wax 41b., hog\-lard 5 lb., and clear turpentine i lb. In 
the mereliant lervice, the twine is dipped in tar, foftened 
with a proper proportion of oil. 

The breadth of the fcams of courfes, topfails, ami otlier 
fails ill the royal navy, to be as follow ; courfes am! 

lopfails, for 50-guii flnps and upwards, inch ; thoie under 
50 guns, 1^ inch, at head and foot ; all other lails, oik* 
inch at head and foot. 

In the merchant fervicc, fcams are fometimes made broader 
at the foot tiuii at the head, being flronger. 

Broad fcams arc not allowed to be made cm couries iiv 
the royal navy, but goring leeches are adopted in lieu o( 
them. 

Driver boom-main-fails, and the fails of (loops, generally 
have the fcams broader at the fo(A than at the head. 

It is the erronens practice of fpme fail-makers not to few 
the feams any farther than where the edge is creafed down 
for the tabling ; but all fails fliould be fewed quite home to 
the end, and, when iiniflicd, (hould be well rubbed down 
with a rubber. 

The feams of courfes and topfails arc (luck or (litched up, 
in the middle of the feams along the whole length, with 
double feaming-twine ; and have from 68 to 72 flitches in a 
yard. In the merchant fcrvice, it is common to flick the 
learns with two rows of flitches when the fail is half worn, 
as they will then lall till the fail is worn out. 

Tablings of all fails to be fewed at the edge, with 68 to 72 
flitches in a yard. 

Reef bands arc each in breadth onc-third of the breadth of 
the canvas for main and fore-courfes. The reef-bands of 
main and forc-topfails are each of half a breadth of canvas, 
put on double ; the firft fide is fluck twice, and the lafl 
turned over, fo that the reef-holes may be worked upon the 
double part of the band ; tlie ends go (bur inches under the 
leech-linings, which are feamed over the reef-bands. The 
reef-bands of topfails go over the linings from leech to leech, 
and are fluck wnth 68 to 72 flitches in a yard. Reef-bands 
(hould not be put on until the fail is fewed up, a contrary 
practice being very erroneous. 

Middle bands have one breadth of canvas, and arc firfl 
folded and rubbed down, to make a creafe at onc-third of the 
breadth ; then tabled on the felvagc, and fluck along the 
creafe ; then turned down, and tabled and fluck throu^li both 
the double and Tingle parts, with 68 to 72 flitches in a yard. 
They are like wife tabled or fewed over the ends of the 
buntline-cloths and top-linings. 

It is the opinion of many, that middle bands (hould not be 
put on until the fail is half worn. 

Linings . — All linings are feamed on, and are fluck, or 
ditched, in the middle, with 68 to 72 ditches in a yard. 
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Top4ii»ing9 and maft-cloths are put on the aftfide, and all 
other lininga on the forefide, of lails. 

Holes* — Reef and head-holes arc made by an inftrument, 
called a pcgging-awl, or a ftabber, and are fenced round by 
ditching the edge to a fmall grommet, made with log or 
other line : when finiflied, they fliould be well ftretched or 
rounded up by a pricker, or a marline-fpikc. 

Sails have two holes in each cloth, at the heads and reefs 
of coiirfes, topfails, and other fqiiare fails ; one hole in every 
yard in the day of flying jibs ; and one in every threc- 
uarters of a yard in the days of fquare, tack, and other 
ay fails. 

Reef and head-holes of large fails have grommets of 1 2- 
thread line, worked round with 1 8 to 2 1 ditches ; fmullcr 
fails have grommets of 9-thread line, with i6to 18 ditches, 
or as many as fliall cover the line ; and fmallcr holes in pro- 
portion. 

The holes for marling the clues of fails, and the top-brims 
of topfails, have grommets of log-line, and dioiild liavefrom 
9 to 1 1 ditches : 12 holes are worked in each cloth. 

Main-courfes have marline-holes from the cine to the 
lower bowline-cringle up the leech ; and from the clue to 
the (ird buntline-cringle 011 the foot. Fore-con rfes hate 
marline-holes one-cighth of the depth of the fail up the 
leech, and from the clue to the fird bnntlinc-cringle at the 
foot. Main and fore-topfails have marline-holes three feet 
each way from the cine, and at the top-brims. Spritfails, 
mizen-topfails, lower dayfails, main and forc-top-dayfails, 
and jibs, have marline-holes two feet each way from the 
clues. All other fails are fewed home to the clues. 

Marline-holes of courfes arc at three -fourths of the depth 
of the tablingsS at the clues from the rope, and thofc of top- 
fails are at half the depth of the tablings at the chics and 
top-hrim from the rope. 

Bonnets have a head-tabling, to which a line that forms 
the latchings is fewed in bights, which are about fix inches 
afunder ; the leeches and foot arc tabled. See* finiiUr to the 
fopt of the fail the bonnet is attached to. 

7 'he 7 bird Procefs in Sail-mahing 

Is fewing on the bolt-rope, Sec* 

Bolt-ropes, before fewed, (hould be doved in a dove by 
the heat of a flue, and not in a baker’s oven, or m a dove- 
tub ; and tarred with the bed Stockholm tar ; to be fewed 
on with good Englidi-madc twine of three threads, fpun 
200 fathoms to tlie pound. The twine in the royal navy is 
dipped in a compofition made with bces-wax, four pounds ; 
hog's-lard, five pounds ; and clear turpentine, one pound ; 
and in the merchant fcrvice, in tar foftened with oil. 

Bolt-ropes of courfes, top-fails, and ail other fails, diould 
be neatly fewed on through every cunt-line of the rope ; 
and to avoid drctching, the rope mud be kept tightly 
tvvided while fewing on, and care taken that neither too 
much nor too little flack is taken in ; they are to be crofs- 
ditched at the leeches every twelve inches in length, at 
every foam, and in the middle of every cloth at the foot, 
with three crofs-ditches. Four crofa-ditches (hould be 
taken at all beginnings and fadenings-off ; the fird ditch 
given twice, and the lad three times. Small fails have 
two crofs-ditches at every feam, and three at every faden- 
ing-off. 

The number of threads required in the royal navy for 
fewing on the following Hzed bolt-ropes; m%* 6-inch, 10 or- 
dinary and 2 extra; 5-J and 5J, 10 ordinary ; 5J and 5-inch, 
8 ordinary and 2 extra ; 4^ and 4!, 8 ordinary ; 4^: and 
4-inch, 6 ordinary and 2 extra ; 3} and 3^, 6 ordinary ; 
3^ and 3-incb, 4 ordinary and 2 extra; 2^ and 2^, 4 ordi- 
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nary; 2^ and 2-inch, 2 ordinary and 2 extra; 
and I -inch, 2 threads ordinary. 

Slack allowed in fewing on Bolt^ropes * — On main and fore* 
courfes two inches flack-cloth fhould be allowed in the 
head and foot, and one inch and a half on the leeches, in 
every yard in length. 

Mizcn-courfes have two inches flack in every yard in the 
fore-lcech, but none in the aftcr-leech or foot. 

Spritfail-courfca have no flack-cloth. 

Topfails are allowed three inches flack in every cloth 
in the foot, and one inch and a half in every yard in the 
leech, and two inches in every cloth left open in the top- 
brim. 

Topgallant-fails have two inches flack in every cloth in 
the foot, and one inch in every yard in the leech. 

Jibs have four inches flack in every yard on the flay, one 
inch in every cloth in the foot, and none on the leech. 

Stayfails have three inches flack in every yard on tlic 
flay, one inch in every cloth in the foot, but none on the 
leech. 

Stiidding-fails have one inch and a half flack in every 
yard in goring-lecchcs, but no flack on fquare-leeches, and 
one inch in every cloth on the head and foot. 

The clues and lop- brims fliould be wormed while the 
bolt-rope is fewing on the tail, and before both parts are 
confined. 

Clues * — Fourteen turns or twills of the flraiids in the 
length of the clue-rope are left at the lower corners of all 
fails for the clues, which arc wormed with fr/cable fpun- 
yarn, parcelled, ferved, marled, and feized. The cluc-ropes 
of main-courfes extend, and are marled, from the clue to 
the lower bowline-cringle up the leech, and to the firfl 
buntline-cringle on the foot ; on forc-courfes one-eighth 
of the depth of the fail up the leech, and to the lirlt 
buntline-cringle on the foot ; the clue-ropes of main and 
forc-topfails extend three feet each way on the leech and 
foot : and fpritfails, mizen-topfails, lower dayfails, main 
and fore-top- It ay fails, and jibs, have the cluc-ropc two 
feet each way from the clue. 

Cringles Cringles iliowld be made of the ftrands of new 

bolt-rope, half an inch fmaller than the bedt-rope on the 
fail. 

Earing-cringlcs arc made of an additional length (of 
fourteen twills or turns) of the leech-rope left at the head 
of the fail, which, being turned back, forms the cringle, 
by fplicing its end into the Iccch-rope and crofs-llitching 
the whole of the fplicc ; the lirll Hitch to be given twice, 
and the lalt Hitch three times. 

Splices are made by opening the ends of two ropes, and 
placing the llrands between each other : openings being 
made in the untwiHed part of the rope nearell the end with 
a marline-fpike, the llrands are thriill through them ; and 
the large ends arc regularly tapered froni the middle by cut- 
ting away fomc of the yarns every time they are thrrll 
through. The fmall llrands, as thole of the foot or leech- 
rope, are Hack twdee through the openings made in the 
large rope ; and the large Hrands are Huck three times 
through the leech or foot-rope. The middle Hrand of the 
taper, being the longeH, is Huck in lall, and once more 
than the others. All fplices are crofs-llitched as far as they 
run. 

Reef and reef- tackle pendant-cringles are Huck through 
holes made in the tablings, and the lower ends are put 
through the bolt-rope once more than the upper ends, be- 
ing more liable to be drawn out. 

The openings of buntlinc and bowline-cringles are at the 
dittance of four turns or twifts of the ftrands in the bolt- 
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rope afundcr, and the ends are firft ftuck in an opening, 
made with a marline-fpike, under two llrands of the bolt- 
rope ; then pafling over the next, they are (luck under one 
flrand; and attain paflin;^ over another, they are finally 
ttuck under the next. The ends of the buntline-cringles, 
next the fervice of the clues of courles, fliould be left long 
enough to be worked under the fervice, to meet or reach 
the ends of the clue*rope. See Plate I. Jig, 26. 

Rules for afcertaining the Quantity of Canvas contained in the 
different Sails, 

Canvas 24 inches wide is ufed for the royal navy, and 
is certainly the llrongcll. Various widths of canvas are 
ufed in the merchant fervice, from 24 to 36 inches. The 
following rules are adapted equally to all widths, although 
the examples are calculated for canvas 24 inches wide. 

Rule I. — To fnd the quantity of canvas in main and fore- 
courfes; topfails; topgallant fails ; royals; topmajl and topgallant- 
fludding-fails. 

Add the number of cloths in the head and foot, and 
halve the product, to make it fquarc ; then multiply by the 
depth of the middle cloth ; and add the quantity in the 
linings, bands and pieces, and the quantity in tlic foot- 
gores, when the foot is cut hollow. 

To find the quantity in the foot ‘gores. 

Add together the number of inches gored in each cloth 
on one fide of the fail, and multiply the produft by half 
the number of gored cloths, and divide by 36, to bring that 
into yards. 

Rule 2. — To find the quantity of canvas in a miv,en-ceurfe. 

Add the depth of the fore and after-leech together, and 
halve the produft for a medium depth j then multiply the 
medium depth by the number of cloths ; and add to that 
the additional canvas contained in the* linings, bands, pieces, 
and foot-gores. 

To find the quantity in the foot-gores. 

The number of cloths in the fail muft be multiplied by 
the additional length, that the fquare cloth in the middle 
is more than tho£ at the tack and clue ; then, the gores 
to the tack and clue being fubtradled, the remaino^ is 
the quantity in inches, which divided by 36 gives the number 
of yards. 

Rule 3. — To find the quantity of canvas contained m^rit- 
fml-tourfes ; lower Jludding-faUs ; Joofs/quare/aiie, or ero/t- 
jacii andjltop't wattr-faiU. 
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Multiply the number of cloths by the Ihorteft depth, 
add the quantity in the bands and pieces, and the quantity 
in the foot-gores, when the foot is cut hollow ; by Rule i. 

Rule 4. — To find the quantity of canvas contained in driver- 
hoom-fails ; brig's main-fails ; cutter's main fails ; cutter's try^ 
fails ; like wife Jloop's and fmack's. 

Add together the number of cloths in the head and foot, 
and halve the produdl to make it fquare ; add together the 
depth of the fore and aftcr-leeches, and halve that fum for 
a medium depth ; then multiply the number of fquare cloths 
by the medtiim depth, and add the quantity in the pieces 
and foot-gores. 

To find the quantity in the foot-gores. 

Add together the gores from the tack to the firft fquare 
cloth in the foot, and multiply half the fum by the num- 
ber of cloths in the foot ; then (if there are gores to the 
clue) add together the gores from the clue to the firft 
fquare cloth in the foot, and multiply half the fum 
by the number of cloths gored to the clue j which fub- 
traded from the produd of the gores to the tack, gives 
the anfwer. 

Rule y . — To find the quantity of canvas contained in jibs g 
main and fore fiay fails ; fore-topmajl fiay fails ;floop's^ fmack's^ 
and boat* s fore fails and laiteen fails , 

Multiply half the number of cloths by the depth of the 
leech, and add the quantity in the bands, pieces, and foot- 
gores, if any. 

To find the quantity in the foot -gores. 

Multiply half the number of cloths in the foot by the 
regular gore per cloth, and that produd multiplied by the 
whole number of cloths in the foot gives the anfwer in 
inches, which divide by 36, to bring into yards. 

Rule 6 . — To find the quantity of canvas contained in mizen- 
JlayJails ; inain-topmaft fiay fails ; mi%en 4 opmaJi flay fails ; middle 
fiayfails; rnain-topgallant flay f mis ; gaff •‘topfails ; ringtail fails g 
feitee-fatls ; and boat's fpritfails. 

Add the depth of the tack, bunt, or fore-leech, to the 
depth of the after-leech, and halve them for a medium 
depth : add the number of cloths in the head and foot 
together, (when not equal,) and halve them, to reduce 
them fquarc ; then multiply the number of fquared cloths 
by the medium depth, and add to that the additional can- 
vas contained in the linings, bands, and pieces. 
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Defcriptm of each Sail* 

Main-coursE| I. Plate IV. Rigging f fg. 2. 

This fail is quadrilateral, fquare on the head. It bends at the head to the main-yard, and extends within eighteen 
inches of the cleats on the yard-arms, and drops to clear the foot from the boat on the booms. 



Gores* — One cloth is gored on each leech ; uud the gore 
on the foot is of one inch^rr cloth, beginning at two cloths 
within the neareft buntline-cringle, and increafing to the 
clues. Sometimes, in mcrchant-fhips, two cloths are gored 
on the leeches, and the gore on the foot is two inches per 
cloth. 

For tablings^ reefbands, middle bandsy and buntHne-chthsy 
confult the firtt procefs in fail-making ; and fewing tliem 
on, the fecond procefs j likewife the Jeamsy reefy and kead^ 
holes. 

In fewing on the bolt-rope, two inches of Jlach-cloth 
ihould be taKeu up in every cloth in the head and foot, and 
mp. inch and a half in every yard in the leeches. 


Clues are made with clue-rope two inches larger than 
the foot-rope, for fhips of co guns and upwards ; and oiu 
inch and a half larger for mips under 50 guns ; and thol»' 
in merchant-fhips are in proportion. 

Marline-holes extend from the clue to the lower bowline- 
cringle on the leech ; and to the firft buntline-cringle at tlr 
foot. 

Reef cringles : one is made on the leeches at the end ot 
each reef-band; three bowline-cringles are made at equal 
diftances between the lower reef-cringle and the clue ; and 
bunt line* cringles are made on the foot-ropCy one at the end 0^ 
each buntline-cloth. 

To find the quantity of canvas, refer to Rule i. 
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Forecourse, 5. Plate IV. jCji. 2. 

This fail is quadrilateral, fquare on the head. It bends at the head to the forC‘yard, and extends within ( ighlecn 
iches of the cleats on the yard-arms, and drops to clear the foot of the maiu-ltay. 



Number of cloths j head 
in the - - ^foot 

Depth in yards - 

Yards in the fail 

reef-bands 

middle band 

leech-linings 

— buntlinc-cloths 


g 


N“ 42 40 41 40 35 35 

I to 2 40 38 39 38 33 34 

i2i 11^ i3i 13 ii^ 11^ 


24 

.8 I 

16 

Brig.] 

600 

425 

360 

200 


368,' 

isil 


2 Zol 

205'; 

>4 

'4 

10, 

io|- 

10 

20 

^Si 


* 4 | 

i 9 | 

24 

24 

20 

20 

H 

>4 

12 

12 

“Y 

d 


i 

sl 

Si 

4461' 

‘4344 

5 ° 3 l 

:284i 

2661 



Gores * — One cloth is gored on each hechy ai'd a gore is 
made on the fooi^ to drop the clue five to fix inches per cloth, 
bcgiiiHing at two cloths within the neared buntline-cringle, 
and increafing to the clues. Sometimes two cloths arc 
gored on each leech in merchant-fhips. 

This fail only differs from the former in the huntline- 
cringles having only two ; the upper bowline-cringle is made 


in the middle of the leech, and the lower one equally diflant 
from the upper one and the clue. 

Marline wholes are made in the tabling, from the clue to 
the neareft buntline-cringle on the foot, and one-eighth of 
the depth of the fail up the leech. They are turned on the 
contrary fide to the roping, in fixing the fail. 

To find the quantity of canvas, refer to Rule i. 


Mizen-course, 9. Plate IV. fg* 2. 


This fail is quadrilateral, and made of canvas N® 2, from 36 guns and upwards ; N® 3, to 24 guns; and to 16 giin& 
4. The head is bent to the gaff, and extends within nine inches of tlie cleats. The forc-leech is attached to 


the mizen-malt within fix or feven feet of the deck. 
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Goret,-~Thie head io cut with a gope of 1 6 to 2 2 inches ptr 
cloth, agreeable to the peek ; the foot is jored one inch per 
cloth, leaving two cloths fqiiarc in the middle. One cloth 
is gored on the maft-leech in the navy, and fometimes two 
cloths in merchant'lhips. 

For feamt, laitings, and heai-holee, confult the three pro- 
cefles in faibmaking. 

This fail lias a reef -band fix or eight inches broad, at one- 
fifth of the depth of thcraatt-lecch from the foot. 

Ree/hanh are pieces of log-line fewed on to the reef- 
hand, at each feam on both fides of the fail. One end of 
each hank is fpread open, and each llrand fecurely fewed ; 
the other end of each hank is whipped : or they may be 
fixed on thus : the line is thrufl through the fail, and fecurely 


fewed to it on one fide, by opening the ilrands a little, fo 
as to lay them flat on the canvas. 

Lining . — The aftcr-leech is lined from the clue with one 
breadth of canvas up the leech, and the nock and peek with 
pieces fo cut from each other, that each contains one yard. 

Marline-holes extend two feet each way from the clue. 

Bolt-rope-clue, and fewing it on, cosfult the third procefs 
in lail-maKing. 

One cringle is made on each leech at the ends of the reef- 
band ; and one at the diltance of every three-quarters of a 
yard on the mall -leech; or fometimes holes are worked 
in the labling of the malt-leech ; a cringle is alfo made five 
yards from the clue on the after-leech for the throat-brails. 

To find the quantity of canvas, refer to Rule 2. 


Si’Kn'sAU.-couRSK, 13. Plate IV. /g. 2. 

This fail is quadrilateral, fquare on the head, foot, and leeches, and made of canvas N° 2, from 50 guns and up- 
wards; audN“3, to 18 guns; and all under of N‘'4. It is bent at the head to the fprit-fail-yard, extending within 
nine inches of the cleats on the yard-arms. 


Guns 

- 


no 



74 

50 

44 

38 

36 

24 

18 


Tons 

- 

- 

2165 

1970 

1900 



1120 

1040 

920 




Number of cloths 

fhead 


30 

28 

29 

29 

25 

25 

2S 

24 

19 

»7 

17 

in the 

Poot 

- 

30 

28 

29 

29 

25 

25 

25 

24 

19 

‘7 

»7 

Depth in yards - 

- 

- 

9 

9 

H 

H 

7 


6 

6 

sh 

5 

5 

Yards in the fail - 


. 

270 

252 

246^ 

246,1 

»75 


IJO 

144 

i04i 

85 

85 

reef-bands 

- 

9 .^ 



9 


8 

8 

7 

6 

5 

5 

Totals 


279 y 

260^ 

Vr^ 

1 

255 i 

>83 

170^ 

158 

1 

IIO^ 

90 

90 




Iti< Ilfs. 








1 


m 


head 

- 


3t 



2- 

4 


1 



B 

Bolt-rope on the < 

foot 

- 

34 - 

3 

3 

2^ 

4 

2i 

24 

2^ 

2 


19 

leeches 

- 

3 i 

3 

3 


> 2 

4 

Bi 


For /earns, tnblings, reej and head-holes, confult the two in the fccond cloth from each leech, near the foot, or op. 
firll procclTes of fail-making. pofitc tlie rccf-cringics. 

Two reef-bands, one-third of the breadth of a cloth, arc Marline-holes extend two feet each way from the clues, 

fewed on diagonally ; the ends on the leeches being 27 Bolt-rope and clues, and fewing them on, confult the third 

inches from the clues, and thofe at the head on the fecond procefs in fail-making. 

or third feam from the eariiigs. Sometimes a reef-band is A recf-cringle is made on the leeches at the end of each 
fewed on from leech to leech, at one-fifth of the depth of reef-band, and two buntline-cringlcs are made on the foot- 
the fail from the head. rope, at one-tliird of the breadth of the foot from each clue. 

A mter-hole, from four to fix inches diameter, is made To find the quantity of canva*, refer to Rule 3. 
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Main-topsail, 2. Plate IV. fg. 2. 


This fail is quadrilateral, fquare on the head and foot in the navy, and made of canvas N® 2, from 50 guns and 
upwards ; and N° 3, all under. It is bent at the head to the main-topfail-yard, and extends within eighteen inches 
or the cleats on the yard-arms, and drops to the main-yard when the refpeftive yards are hoifted to the hounds. 


Guns . « . - 

no 

98 

80 

74 

50 

44 

3« 

36 

24 

1 

16 



Tons - - - - 

2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

j 42s 

360 

200 

i8o 

Number of cloths f head 

31 

30 

31 

3* 





20 

18 

*7 

*.3 

23 

in the - - 1 foot 

49 

48 

48 

48 





3* 

29 

28 

I9| 

9I 

27 

Depth in yards 

21 

20 

20^ 

20^ 





»3f 

'3 

12 

>3i 

Yards in the fail 

840 

780 

799 i 

799i 

536^ 

544'! 

536^ 

503! 

357f 

‘75 

3055 

270 

158^ 

362 

— reef-bands 

56 

53 

54 

54 

34 

34 

33 

32 

27 

25 

n 

10 

— middle band - 

27 

25 

26 

26 

34| 

55I 

22 

22 


Hi 

H 

Gorft. 

■ ■■—■ leech-linings - 

44 

42 i 

4^4 

42 i 


34 

34 

26 1 

25 

25 

20| 

6 

top-lining 

75 

74 

70 

70 

54, 

53 

53 

375 

4 

28 

261 

15 

H 

buntline-cloths 

12 

12 


12 

10 

10} 

9! 

9l 

6| 

4 

11 


Totals 

1054 

986i 

1004^ 

1004! 

692 

700 1 

688 

654i 

474i 

406^ 

3^7 




Indies. 





1 

1 

1 

1 


■1 

■ 


B 


/ head 


2i 



2 

* 1 

2 


In 

B 


B 


Bolt-ropeon the J foot 


44 

55 


5, 

5, 

5 


m 

B 

3 

4 

t leeches - 

5 

4 

44- 

1 


4'i 


3 

B 


m 



Gores, — The cloths on the leeches arc gored fufliciently for 
the foot to fpread tlie cleats on the arms of the main-yard. 
In merchant-fliips the foot is gored from two to four inches 
/>rr cloth, one-third of the breadth of the foot from the clues. 

For feams^ fahilr^s, reef and head-holes, refer to tlie firll 
procefs in fail-making. 

Reef-hands, — This fail has moftly four rcef-bands of N° 2 
cloth, from 50 guns upwards ; N ' 3 to iK ; and N^4 for 1 6 
guns ; put on at onc-cighth of the fail alundcr, the upper one 
being kept at that diilance from the head. In merchant- 
ftiips the reef-bands arc inoftly put on farther dillant from 
each other. 

Middle hand is of 5 clcih, from 74 guns upwards; 
N°6 to 18 ; and 7 for 16 pms ; put on half-way be- 
tween the lower reef-band and tlic foot. 

Leechdming is of N” 2 cloth, from guns upwards ; 
N° 3 to i8 ; and N'’4 for i6 guns. (See iirft procefs of 
fail-making.) Merchant-lhips have leech-hnings nine inches 
broad at the head, and fifteen inches broad at the foot. 

Top-lining of N° 6 cloth, from i8 guns upwards, and 
N® 7 for 1 6 guns; covers one-fifth of the cloths on the 
aft-fide of the foot in the middle of the fail. In mcrchant- 
fhips the top-lining covers one-third of the cloths in the foot. 

Two majl-chths are put on in the middle of the fail, on 
the aft-fide, between the middle band and lower reef-band. 

Two huntline-cloths (the fame of cloth as t lie leech- 
lining) are put on the fore-fide of the fail, and one each fide 
of the top-lining ; their ends are carried up under the 
middle band, which is tabled on them. In mercliant-fhips 
the buntline-cloths are half a yard Ihorter than the top- 
linings. 


Bolt-rope . — Three inches of Jlach -cloth are taken up in 
fewing on the bolt-rope in every cloth on the Iicad and foot ; 
two inches are allowed for every cloth left open in the top- 
brim ; and one inch and a half is taken up in every yard in 
the leeches. Tlic holt-rope along the top-brim, and for 
one cloth and a half on each fide beyond, is wormed, par- 
celled, and lerved as the dues, and is marled to the fail ; 
but fometimes the whole length of the foot-rope, from clue 
to clue, is wormed, parcelled, &c. See third procefs in 
fail-making. 

Clues, — The clues are made of the foot -rope, which is 
left fufliciently long for that purpofc, and fplice into the 
leech-rope at the lower bowline-cringle. It is wormed, 
parcelled, and lerved at the clues, and three fee^^ each way 
from them : it is marled on to the fail the extent of the 
ferving on each fide of the clues, which are feized as thofc 
of tlie main courfe. 

The marline-holes extend three feet each way from th« 
clues, and along the breadth of the top-lining at the top- 
brirn. 

Cringles, — One reef cringle is made on the leeches at the 
end of each reef-band, and a reef tack le-pendant-cririgle be- 
tween the lower reef and upper bowline-cringle ; below 
thefe arc four howline-cringks ; the upper one is in the 
middle of the leech, and the other three arc equally dillant 
from each other between the upper one and the clue. One 
huntline-cringle is made in the middle of each buntline-cloth 
at the foot. In mcrchant-fliips three bowline-cringles only 
are made on the leeches. 

To find the quantity of canvas contained in this fail, refer 
to Rule 1. 
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Fore-topsail> 6. Plate IV. Jig. 2. 


This fail is quadrilateral, fquare on the head and foot in the royal navy, and made of canvas, the fame as the main- 
topfail. The head is bent to the fore-topfail-yard, extending at the head within 18 inches of the cleats on the yard-arms. 


Guns . . - - 

no 

98 

80 

74 

50 

44 

38 

36 

»4 

18 

16 

Brig. 

Tons .... 

2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

425 

360 

200 

Number of cloths ^ head 

27 

26 

28 

28 

22 

22 

22 

22 

«7 

If, 


d. 

in the - - ( foot 

43 

4 * 

42 

42 

3 ^, 

34 

34 

33, 

28 

2S, 

24 

194 

Depth in yards 

*9 

18 

I8X 

18 

Hi 

Hi 

h 4 


I2i 

n| 

«d 

9I 

Yards in the fail 

o\ 

0 

603 

647^ 

630 

420 J 

413 

406 

39 i| 

276I 

24O0 

2044 

' 54 « 

reef-band 

45 

41 

46 

46 

30 

30 

30 

294 

23 

22 

21 

9 













Gore*. 

middle band - 

23 

22 

23 

23 

* 9 , 

»9 

«9 

19 

H, 

134 


^ h 

leech-linings - 

40 

3 « 

39 

38 

3 d 

3 d 

3 d 

30 

2^: 

24! 

2d 

20 

top-linings 

58 

sC' 

57 

56 

40I 

40 

39 , 

39 

304 

, 27 

234 

16 

buntlinc-cloths 

lOri 

1 

10 

9 h 

9 

9 

H 


74 

1 

6 

9 i 

Totals 

841^ 

77 oi 

00 

QC 

0 

55 °i 

542J 

533 

5174 

378 i 

3341 

288„ 

2I2i 


Inches. 






! 






f head 

2 

2 

2 

2 

d 

d 

d ' 

d 

d 

d 

d 

d 

Bolt-rope on the / foot 

5 ^ 

5 

5 

5 

4 

4 

4 

3I 

34 

2i 

2? 

4 

leeches - 

4^ 

4 i 

4 i 

4 i 

3 i 

3 i 

3i 

3 

3 

2| 

2i 

2i 


Gorest and every other particular, the fame as the main-topfail. 


Mizen-topsail, 10. Plate IV. fg, 

This fail is quadrilateral, cut fquare on the head, and made of canvas N° 4, from 50-gun fhips and upwards , 
N° 5 to 18 guns ; and of 6, thofe of 16 guns. It is bent at the liead to tiie mizen-topfail-yard, and drops to 
the crofs-jack-yard, extending witliin twelve inches of the cleats on the yard-arms. 


Guns 

1 10 

98 

80 

74 

50 

44 

38 

3^ 

H 

18 

16 

Tons 

2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

425 

1 360 

Number of cloths f head 

21 

20i 


21 

«7 

18 

18 j 

«7 


12 

12 

in the - - | foot 


29, 

30 

30 

254 

25^ 

25i i 

25 

20 

18 

^7i 

Depth in yards - 

Hi 

‘3i 

Hi 

H 



III ! 

«d 

9i 


7I 

Yards in the fail - 

377 

340 


357 

2331 

255i 

255 

23d 

H5 



- reef-bands 

21 

204 

21 

21 

20* 

2o| 

20{ 

i 8 i 

94 


U 

— middle band 


16 

16 

16 

»5i 

16 

16" 

15 

1 1 


9I 

Iccch-linings 

3^4 

304 

3d 

31 

274 

28 

28 

26 

21 


ibI 

top-lining 

38} 

37i 

38 

38 

33 

34 

34 

32 

i 8 i 


H 

buntlinc-cloths 

a| 

84 

84 


64 

7 

7 

7 

6 


4i 

• gores 

4 

4 

4 


4 

4 

4 

4 

4 


4 

Totals 

497 

457 

4814 

475 

34> 

365 

365 1 

339 

225 

*75i 

172I 


Inches, 











/ head 

li 




d 



d 

li 

li 


Bolt-rope on the^ foot 

3I 



34 

3 

3 

3 

3 




i leeches 




2i 

*4 

2 i 


24 

2i 

li 

li 












S A I L-M AK ING 

Gores . — The cloths on the leeches are gored fufficiently 
for the foot to fpread to the cleats on the arms of the crofs- 
jack-yard. The gore on the foot is three-quarters of a 
yard deep, and begins at two cloths from the buntline- 
cringle, on the fide next the clues. In inerchant-lhips the 
foot is fometimes fquare. 

For feams^ lee Main-topsail. 

Reef-hanih , — For 36-gun fhips and upwards, to have 
three reef-bands of 4 cauvas, at one-eighth of the 
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depth of the fail afundcr from the head ; and 24.gun 
(hips and under of the fame canvas the fail is made of, 
and two reefs only one-feventh of the depth of the fail 
afundcr. Merchaiit-(hips have fcldom more than two reef- 
bands. 

Middle handy of 6 canvas, for 36-gun fhips and up- 
wards ; and N‘^ 7 all under, put on au main-topiail. Mer- 
chant-lhips have none. 

Leech-linings y &.c. &c. fimilar to the maiii-topfail. 


Main-toi'GALlant-sail, 3. Plate IV. 2. 

This fail is quadrilateral, and fquare on the head and foot, in the royal navy, and made of canvas 6, from 
50-gun (hips upwards ; and all (hips under, of 7. Tlie h-ud is bent to the main-topgullant-yard, and extends within 
lix inches of the cleats on the yard-arms. 


Guns 

- 

1 10 

9 « 

80 

- 


44 

38 

3 ^> 

24 

18 

16 


mm 

Tons 

- 

2165 

1970 

1900 

i860 

1200 

1 120 

1 140 

920 

600 

42s 

360 

200 

180 

Number of clothfi 

( head 

23 

21 

22 

22 

18 

l8 

18 

16 

H 

*3 

12 

loi 

7 

ill the 

JiODt 

31 

30 

3 * 

3 * 

27 


26 

25 

21 


18 

14 

17 

Depth ill yards 

- 

loi 

10 

10 

10 

8 

H 

84 

7 i! 

6 f 

6 .! 

6 

s\ 


Y:irds in the fail 


2831 

255 

265 

265 

180 

i8ii 


*59 

1 * 7 ^ 

104 

90 


78 

Y ar ls ill the clue and ) 







3 




caring-picces 

- 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Totals 

286J 

00 

268 1 

! 1 

268 


184^- 

•844 

162 

I2o| 

107 i 

93 

73 

81 



ItK'hrji. 











■ 


Bolt-rope on the | 

“licad 

foot 

> 

a 

4 

’ 'f 

2? 

<4 

24 

a 

>4 

H 

2 

I 

1 

B 

I 

1 

^leeches - 

2? 


A 

1 

2} 

24 


, 1 

2t 

2j 

2 

1 

If 

4 - 

Bi 



Gores ^l\he clothvS on the leeches are gored fufficiently 

for the foot to fpread to the cleats on the arms of themain- 
topfail-yard. A gore of two or three inches per cloth is 
often made on the foot, in merchant-fliips, beginning at 
one-third of the breadth of the foot from the clue. 

For f earns y tahlmgSy head'^holesy Jewing on the lolt’-rope% and 
tluesy refer to the inrce procefl’cb of i.iil-;iuking. 


The cloth at the clue is fo cut as to fall to the foot, and 
form its own lining ; and caring-pieces, of a quarter of a 
yard, are put on each corner, at the head. 

Three howlinc-cringles are made on each leech, the upper 
one in the middle, and the others equally afunder between 
that and the clue. 

To find the quantity of canvas, refer to Rule 1. 


FoHrxropGALLAMT-sAiL, 7. Plate IV, fg. 2 . 

This fail bends at the head to the fore-topgallaut-yard, and is fo much like the former as only to need the following 
dimenfions. 


Guns . - - . 

1 10 

98 

80 

74 

50 

44 

38 

3 ^ 

24 

18 

16 

Brig. 

Tons - - - - 

2.65 

1970 

1900 

i860 

1200 

1 120 

1040 



425 

360 

200 

Number of cloths f head - 

20 

19 

19 

19 

15 

15 

15 

‘ 4 f 

12 

1 1 

wm 

loi 

in the - ( foot - 

Depth in yards 

28 

26 

27 

27 

34 



22^ 

4 

18 

17 



10 

9 

H 

84 


74 

74 

6 

6 

n 

Si 

Yards in the fail 

240 

202^ 

iy 5 i 

‘954 

1464 

‘374 

1375 

125 

90 

84 

731 

7 oi 

Yards in the clue and] 
earing-picccs - -J 

3 

3 

3 

3 

3 

3 

3 

3 

3 


3 

*4 

Totals 

Bolt-rope as the main-top- 
gallant-fail. 

243 

20ji 

1984 

1984 

‘494 

1404 

1404 

128 

93 



73 
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SAIL-MAKING 


Mizen-topgallant-sail, II. Plate W . fg. 2, 


I'his fail is quadrilateral, fquarc on the head and foot, in the navy ; made of canvas N® 7, from 50-gun fliips up- 
wards, and all under of N° 8. The head bends to the mizen-topgallant-yard, extending within fix inches on tne 
cleats on the yard-arms. 


Guns .... 

no 

98 

80 

74 

50 

44 

38 

36 

24 

18 

16 

Tons ... - 



1900 

i860 

1200 

1120 

1040 

920 

600 

425 

360 

Number of cloths f head 
in the - f foot 

Depth in yards - . - 

22 

7 

^5 

21 

7 

^5 

21 

7 

H 

4 

>3 

19 

6* 

13 

19 

12^ 

18 

6i 

i 

8 

'^1 

4i 

8 

12 

4l 

Yards in the fail - . . 

Yards in the clue and earing- ) 
pieces - - - - j 

1294 

1 

126 

1 

126 

1 

126 

1 



100 

1 

95 J 

1 

6ii 

I 

47i 

I 


Totals 


127 

127 

127 

94i 

lOI 

lOI 



48J 


f head 

Bolt-rope on the •? foot 

tlcechea - ; 

1 

Inches. 

li 

2 

2 

1 

2 

2 

2 

2 

i 

2 

2 

I 

e 



1 

I 

1 


Gore/.— The leeches are gored fufficiently for the foot to Pieces^ at the clues and earings, are each a quarter of a 
fpread to the cleats on the arms of the mizcn-topfail- yard in length. 

yard. In rnerchant-ftiips a fmall gore is fometimes made For the /earns f tablingSf head-holes^ clueSf and boU^ropCf 

on the foot, beginning at one-third of the breadth from confult the three procefles of fail-making. 

the clue. To find the quantity of canvas, refer to Rule i. 


Main-royal, 4. Plate IV. fg, 2. 

This fail is quadrilateral, fquare on the head and foot, made of canvas N® 8. The head is bent to the main- 
royal-yard, and extends within four inches of the cleats on the yard-arms. 


Guns 

- 

no 

98 

80 

74 

50 

44 

38 

36 

24 


m 

KBili 

Tons 

- 

2165 




1200 

1120 

1040 

920 

600 

425 

360 

200 

Number of cloths 

r head - 

16 

15 

H 

*4 


11 

II 

11 


9 

8 

7 i 

in the 

\ foot - 

n 

IC 

21 

mm 

18 

17 

17 

16 


*3 

124 

11 

Depth in yards 

- 

8 

7 ^ 

7 

mm 

6 


6* 

6i 

4 f 

4 

3I 

4 

Yards in tiie fail 

- 

156 

iSSf 

121^ 

n 

88^ 

87 | 

87^ 

84 i 

54 i 

44 

sH 

37 



Inches. 


■i 

B 

■i 


■ 


■i 




( 

‘head 


li 

mm 

B 

B 

I 

B 

1 

B 

I 

I 

I 

Bolt-rope on the < 

foot 

2 

2 

la 

wm 

19 

li 

19 

li 

19 

li 


li 

.leeches - 

2 

2 

H 

l« 

■9 

>1 

13 


111 

li 

4 

li 


Gore/.— The cloths on the leeches are gored fufficiently For /eamsf tablingSf head-‘hoUsi and clues^ confult the three 
for the foot to fpread to the cleats on the main-topgallant- procefles in fail-making, 
yard-arms. To find the quantity of canvas, refer to Rule i« 
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Foue-koyal, 8. Platt IV. fg. 2. 

This fall is bent at the head to the forc-royal-yard, and is fo much like the former, as only to need the following dimenfioni. 



MiZEN-KOVAI-, 12. Plate W . ft i . 

This fail is bent at the head to tlic niizen-royal-yard, and fo like the niain-royal, as oidy to need the tollowmg dimenfioni. 


Guns 

no 

98 

80 1 74 j 50 j 44 1 38 } 36 

24 

18 

16 

Tons ----- 

2165 

1970 

1900 ; i860 j 1200 1 1120 

1040 

920 

600 

425 

360 

Number of cloths f hcdd 
in the - | foot 

Depth in yards - - - 

Yards in the fail - - - 

f head 

1 Bolt-rope on thc< foot 

I leeches 

1 1 

1 1 

k 

71-i 

11 i i I 

*5 i ‘5 
si 1 si 

7 ‘l 1 7*5 

9 

9 

13 

44- 

54 

9 

13 

4 f 

54 

9 

4 f 

54 

■ ' 

7 

1 1 

* 9 i 

4 

8 

i 9 i 

4 

8 

3 

iB 

Inches. 

I 

1 

if 

. 

ll 

if 

1 

if 

T 

*4 

I 

*i 

I 

4 

I 

•i 

*i 

I 

4 

4 

■ 

f 

1 

1 

m 


Main-staysaii., 1. Platt IV. Jig. 


This fail is triangular, fquarc on tlie foot in the royal navy, and made of canvas N° 1, from 50-gun (hips 
upwards, N° 2 to 18 guns, and all under of N" 5. It is extended upon the main-llayfail-ftay, and drops to clear the 
foot of the boats upon the beams. This fail is fel^m ufed in large velTcIs. 
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Gores ^ — A R'^ular gore is made on the liciid, of from 17 to 
19 inches ^er cloth ; the depth of the gore on each cloth in 
the head, is found by dividing the deptli of the loech by the 
number of cloths. I'he clotli at the tack U fo cut as to 
fall to the foot, and form its own lining. I'he clue-piece ex- 
tends two yards up the leech, and the peck-piece is one yard 
in length. 

For feams^ tahlings^ holes ^ fe*ujing on the bolt^rope^ and r/wr, 
confult the tliree proceifes in faiLmakiiig. 


SAIL-MAKING 

Iron thimbles are fometimes duck at the tack and peek $ 
butwhen none, tlie tack and peek are the fame as tlic clue. 

A cringle is made on the leech for the brails, but is ufually 
done by the fcamen on board. 

In mcrchant-lhips this fail is frequently cut with a bunt, 
and a gore is fometimes made on the foot, with a fweep. 
It ulfo frequently has a reef-band at about four feet from 
the foot, and fometimes a bonnet. 

To find the quantity of canvas, refer to Rule 5. 


Fore-staysail, 5. Plate IV. fg. i. 


This fail is triangular, fquare on the foot, and made of canvas N® i, from 50-guu (hips upwards, N® 2 to i8 
guns, and all under of N® 3. It is extended on the fore-day or fore-prevcnter-liay. 


Guns - - - - 

1 10 



74 

50 




D 



Brig. 

Tons .... 

2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

425 

360 

200 

Number of cloths in the foot 

23 

22 

22 


18 

17 

17 

17 

15 

14 

13 

9 

Depth in yards 

>3 

12 

J3 t 

B 

1 I 

iii 

1 1 

1 I 

9^ 

H 

8 

9 

Yards in the fail 

H95 


J45J 


99 

9Si 


93^ 

7ii 

S9i 

52 

401 

Yards in the tack and ) 





I 

1 

I 

I 

I 

I 



peek-picccs - - f 

1 

1 

1 



3 

Yards in the clue-piecc 

2 

2 

2 


2 

2 

2 

2 

* 

2 

2 J 


Totals 

152^ 

1 

L35 

I48i 

148^ 

102 

98^ 

961 

9H 

,74i 

62i 

55 

43i- 

Boh-ropc as the main-day- 











fail. 


1 












Gores . — A regular gore is made on the day or head, of from 21 to 23 inches per cloth. The remainder of this fail 
IS fo much like the former as to need no further defeription. 


FoRi:-T01*MAST-bTAYSAlL, 6. Plate W . Jig. 1. 

This fail is triangular, cut Iquarc on the foot, and made of canvas 5, from yo-gun fhips upwards, and all under 
of N® 6. It is hoifted on the fore*topmall-llayfail-llay. The leech in generally the fame depth as the fore-topfail. 
In merchant-ftiips, one cloth only is allowed in the foot for every yard in the deplli of the leech. 


Guns - - - - ; 110 

98 

80 

74 

50 

1200 

44 

38 

3 ^ 

24 

18 

16 

Brig. 

Tons . - . - 

2165 

1970 

1900 

i860 

1120 

1040 

920 

B 

m 


200 

Number of cloths in the fool 
Depth in yards 

Yards in the fall 

Yards in the tack and ) 
peek-pieces - - 3 

Yards in the cluc-piccc 

T otals 

22 

‘9 

21 

18 

21 

18 

21 

18 

>7 

>5 

16 

>5 

16 

>4^ 

16 

H 

14 

12^ 

13 

11^ 

12 

1 1 

10 

10 

209 

2 

2 

189 

2 

2 

189 

2 

2 

^93 

189 

2 

2 

127! 

2 

2 

120 

2 

2 

1 

1 16 

2 

2 

1 12 

2 

2 

874 

1 

2 

74 -J 

1 

2 

66 

:} 


213 

193 

>93 

m 




m 

77 i 

69 

53 

Bolt-ropc ; : 

^ i after-leech 

1 Inches. 

! 1 
i 

H 

2 ^ 

2} 

2i 

2j 

2 ! 

1 

i 

2 i 

2i 

i 

2| 

2? 

2 I 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


Gores. — The day or head is gored 30 inches per cloth. For yearns, tailings, &c. &c. refer to the main-dayfail. 
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Jii, 7. PUtt IV. fg. I. 

Thii fail is triangular, made of canvas N® 6, from fhips of 50 guns and upwards, and all under of N* 7. It is 
hoiited on the jib-ftay. The leech is about twice the depth of the leech of the fore>ftayfail, and one cloth more is 
allowed for the breadth of the foot than the leech is yards in depth. 


Guns - . - - 

HO 

98 

80 

74 

30 

44 

38 

36 



i6 



Tons » • ■ ■ 

2165 

1970 

1900 

i860 

26 

1200 

1120 


920 



360 

200 

180 

Number of cloths in the foot 
Depth in yards 

Yards in the fail 

Yards in the gores on the foot 
Yards in the clue, peek,) 
and tack-pieces - -J 

Totals 

1 

n u f head or ftay - 

“‘'“Ifoot - - 

27 

26 

26 

25 

26 

25 

23 

22 

22 

21 

22 

21 

21 

20 

>9 

18 

'7 

16 

■ 

12 

»3 

22 

20 

351 

28 

3 

325 

24 

3 

325 

24 

3 

32s 

24 

3 

253 

*7 

3 

231 

>3 

3 

23' 

>3 

3 

210 

12 

3 

171 

] jl 

“a 

3 

136 

7 

3 

120 

6i 

3 

78 

8 

3 

230 

66 

6 

382 

352 

352 

352 

273 







89 1 

302 

3 | 

3 i 

1 

•I 


3 i 

3 1 

2| 

l| 

-i 

ii 

25 

d 

2i 

>4 

1 

2 i 

m 


Gow.— The head or ftay is cut with a fmall curvCf or For brigs, this fail has a curve on the foot, and fome- 
roach. The gores ftiould be allowed full, and the curve times in mcrchant-fliips. The feams are generally one inch 
cut fair, after the fail is fewed together ; which, it is fup- broader at the foot than at the head, when cut with a curve 
pofed, makes it fit better, when bent. The foot has an or roach-foot. 

even gore of three inches /rr cloth, decreafing from the tack Vox /cams ^ tablin^Sf &c. &c. refer to the mam-ftay* 
to the clue, which is governed by the ftive of the bowfprit. fail. 


FtYiNG Jib. 


This fail is made of canvas 8, and fo fimilar to the former, as only to need the following dimenftons. 


Guns • . . . 

HO 

98 

80 

74 









Cutter. 

Tons .... 

2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

4*5 

360 

200 

180 

Number of cloths in the foot 

16 

'5 

16 

16 

14 

>3 

m 

>3 

II 

9 

9 

9 

10 

Depth in yard. 

20 

>9 

20 

20 

*7 

>J 


>5 

>4 

.. 

H 

H 

H 

10 

Yards in the fail 

160 

I42i 

160 

160 

119 

975 

97 i 


77 

49 l 

49 ^ 

49 l 

56 

Yards in the gores on the foot 

19 


«9 

»9 

‘5 

>5 

>5 


12 

9 

9 

9 

»4 

Yards in the clue, peek ,1 
and tack-pieces -3 

3 

1 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

6 

Totals 

182 

163 

182 

182 

>37 

>> 5 i 

iiSi 

115^ 

92 



614 

80 
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SAIL-MAKING 


Mizen-staysail, 8. Plate IV. Jig. i. 

Thia fail is quadrilateral^ cut fquare on the foot, and made of canvas N° 2, from (hips of 50 guns and upwards ; 
N® 3, to 24-gun (hips ; and all under, N° 4. It is extended on the mizen-ttay, and has a bunt, or fore-leech, three-lifthi 
of the depth of the after-leech in the navy, and one-third or one-fourth of the depth of the after-leech in merchant-(hips. 
The foot drops within fix or fcven feet of the quarter-deck. 


Guns ... - 

no 

98 

80 

74 

50 

44 

38 

36 

24 

18 

16 

Tons .... 






1120 


920 

600 

425 

360 

Number of cloths f head 

23 

21 

21 

20i 

22I 

> 3 | 

9 i 

18 

1 

n 

16 

14 


13 

in the - \ foot 

25 

23 

23 

20 

mm 

18 

16 

15 

>5 

Depth in yards of f after-leech 

14 

>3 

i 3 f 

11 

12 

12 

fl 

5 ? 

9 

9 

the • ( fore-leech 

81 

8 

9I 

7 

7 

7 

5 

5 

Yards in the fail - - - 

270 

231 

247^ 

247?: 

171 

1705 

i6i| 

1614 


871 

<x> 

Yards in the peek and clue - 1 
pieces - - - • J 

3 

3 

3 

3 

3 

3 

3 

3 


3 

3 

Yards in the bunt-lining 

4 ^ 

4 

44 

4 ? 

3^ 

4 

3 ^ 

3 i 


25 

A I 

Totals 

m 

238 

25 Si 

i 

2 J 5 

i 77 i 


168 

.. 

168 

Ii7f 

93 

93 

1 

fhcad 

Inches. 

3 i 

3 f 

3 i 

„ 

3 i 

3 

3 

22- 

22 

1 

^2 

2i 


Bolt-rope on the < foot 

3 i 

3 i 

3 i 

3 

3 

2f 

22 

2i 

•9I 

(^leeches 

3 i 

3I 

3I 

Si 

3 

3 

2 l 

2} 

2i 


Gores . — Two cloths are generally gored on the bunt, and 
the head or Hay is gored from 10 to 12 inches per cloth. 
If the depth of theT)unt be fubtrafted from the depth of 
the leech ; the remainder, divided by the number of cloths 
on the head, gives the depth of each gore on the (lay. 

For feams and tablingSf confult the firll procefs in fail- 
making. 

LiningSf &c. — ^The bunt is lined with half a breadth of 
cloth ; the clue-piece is two yards long, and tlie peek-piece 
ore yard. In merchant -(hips the tack, peek, and nock- 
pieceif are generally but three-quarters of a yard in length. 


Cringles . — One or two are made on the after-leech for the 
brails, and thimbles are ftuck in the middle of the fail, to 
lead them through ; but this is idually done by the Teamen 
on board. 

Holes on the (lay, marline-holes at the clue^ and fewing 
on she bolt-rope^ as diredted in the third procefs of fail- 
making. 

Thimbles are fometimes (luck at the tack and peek ; but 
when thimbles are not ufed, the tack and peek arc fre- 
quently marled as the clue. 

To find the quantity of canvas, refer to Rule 6. 
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Main-topmast-staysail, 12 . Plate 1 \, Jig, i. 

** made of canvas N® 5, from (hips of 50 guns and upwmrds ; 

and of N 6, all under. It hoifh on the niain-topmaft-preventer-ltay. The leech is four or five yards deeper than the 
roain-topfail» and there are one or two cloths more in the foot than the leech is yards in depth. In large merchant- 
mips, the leech « four or five yards deeper than the main>topfail ; but in fmallcr (hips, only one or two cloths more 
jn the foot than the leech is yards in depth. 

The bunt is two-lifths of the depth of the leech ; but in merchanUfhips, it is from two-fifths to one-half of the depth. 


■ 

Guns . - - - 

no 

98 

So 

74 

50 

44 

38 

36 

24 

18 

16 

Brig. 

Tons - . - - 

2165 

1970 

1900 

1860 

1200 

1120 

1040 

920 

600 

425 

360 

200 

Number of cloths f head - 
in the - | foot - 

Depth in yards C after-lecch 
of the • \ fore -leech 

Yards in the fail 

Yards in the peek and") 
clue-pieces - -J 

Yards in the bunt-lining - 

T otals 

Tj la. f head or flay - 

Bolt-rope \f^^t - 

on the 1 1 1 

(, leeches - 

H 

25 

27 

25 

9 

25 

27 

25 

9^ 

25 

27 

25 

9 h 

21 

23 

20 

22 

2 1 

H 

2?| 

20^ 

8 

21,^ 

20 rj 

8 

17 

»9 

18 

7 

>5 

17 

1 

H 

16 

12 

*3 

1 1 

5 


442 

3 

4^i 

44«5 

$ 

S 

448^ 

3 

s 

335'i 

3 

4 i 

309I 

3 

4 

2921 

3 

4 

292i 

3 

4 

234 

3 

35 

176 

3 

3 

*57i 

3 


494 

449-ii 

456.^ 

45'''.^ 

343 

,3‘6-i 

299i 

299i 

240J 

182 

*631 

mi 

Inches. 

2 

2 

3i 

2 

2 

3^ 

2 

2 

2 

2 


2;\ 

;i 

4 

■ 

4 

•i 

4 

2 

•{ 

2 

2 

;} 


Gore/.— Two cloths arc generally gored on the bunt, and vided by the number of cloths on the head, gives the depth 
the head is gored 22 inches per cloth. If the nock-feam he of each gore. 

fubtra£ted from the depth of the leech, the remainder, di- Sednis, iahltngs^ cringJest &c. 6cc. as the mizcndlayfail. 


Mizen-topmast-staysail, 9. Plate W, Jig, I. 

This fail is quadrilateral, c\it fquare on the foot, and made of canvas 6, from 50 gum upwards ; and N® 7, 
all under. It has a bunt, or fore-leech, three-feveiiths or one-third of the depth of the aftcr-leech, and is hoiiled 
on the mizen-topmaft-ftay. Tlic after-lccch is one or two yards deeper than the mizca-topfail, and there are from two 
to five cloths more in the foot than the leech is yards in depth. 


Guns - - - . 

I lO 

98 

80 

74 

50 

44 

38 

36 

24 

18 

16 

Tons - • - > 

2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

42; 

360 

Number of cloths Jhead 

20 

19 

19 

19 

WM 


13 

13 

1 1 

9 

9 

in the - - ^ foot 

21 

20 

20 

20 

wu 

»2i 

14 

H 

12 

10 

10 

Depth in yards of t aftcr-leech 

16 

*4^ 

16 


DI 

12 

12 

loi 

9 i 

94 

the - - 1 fore-lcech 

7 

4 

7 

6| 

mm 

4i 

4 

4 

3 

3 

3 

Yards in the fail - - - 

235" 

204J 

224i 

2144 

^ssl 

II9 

108 

108 

77I 

594 

594 

Yards in the peek and clue- 7 

3 

3 

! 3 

3 

3 

3 

3 

3 

3 

3 

3 

pieces - - - '3 

Yards in the bunt-lining 

5 l 

3i 

1 

si 

3i 

2"i 

4 

2 

2 

4 

4 [ 

‘4 

Totals 

242a 

21 1 

* 3°1 

220J 

I40f 


Di 

113 

82 i 

64 

64 


Incht's. 









Di 

■1 

r head 

2 'i 

4 

■i 
^ 1 



2i 

2i 

4 

2 

Bl 

kI 

Bolt-rope on the -J foot 

4 

4 


li 

* a 


4 

4 

Bl 

Bl 

leeches 

4 

4 

4 


•5 

4 

■9 

Bl 


Gores One cloth is generally gored on the bunt, and the head is gored 24 indies /«• cloth. 

Seam, tilings, &c* &c. as the mizen-lUyfail. 
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Middle Staysail, 3. Plait W • fg - i. 

Thia fail is quadrilateral, cut fquare on the foot, and made of canvas N® 6, from 50 guns and upwards; and 
7, all under. It has a fquare bunt, or fore-leech, five-twelfths of the depth of the after-leech, and is hoifted on the 
middle ftayfail-ftay. The leech is from four to fcven yards deeper than the main-topgallant-fail, and there are from fix 
to eight cloths more in the foot than the after-leech is yards in depth. Sloops and brigs in the royal navy have only 
from one to three cloths more in the foot than yards in the depth of the after-leech. In merchant-fhips, the leech is 
fometimes of the fame depth as the main-topgallant-fail, but generally one to three yards more ; and has from five to ten 
cloths more in the foot than yards in the depth of the after-leech. 


Guns - - - - 

no 

98 

80 

' 74 . 

50 

44 

38 

36 

24 

,8 

16 

Tons - - . - 

2165 



i860 

1200 

1120 

1040 

920 

600 

425 

360 

Number of cloths f head 
in the - \ foot 

..L- j f after-leech, - 

Depthmyard8\j^ or fore- 1 

• lleech - j 


24 

24 

j 61 

7 i 

24 

24 

i6| 

7 i 

24 

24 

i6| 

7 i 

20 

20 

»3 

Si 

>9 

»9 

13 

Si 

18 

18 

12 

5 

18 

18 

12 

5 

16 

16 

loj 

4 i 

H 

10 

4 

13 

13 

10 

4 

Yards in the fail 

Yards in the clue and peck - 7 
pieces - - - J 

Y ards in the bunt-lining 

31*4 

3 

4 

288 

3 

3i 

288 

3 

Si 

288 

3 

si 

185 

3 

2f 

i 75 i 

3 

2| 

153 

3 

Zi 

153 

3 

120 

3 

2i 

98 

3 

2 

9 * 

3 

2 

Totals 

m 

294J 

294 f 






I 25 i 

103 

96 

r head or ftay 
Bolt-rope on the/ foot 

t leeches 

Indies. 

3 | 

% 

■f 

% 

i 3 l 

1 

:i 

1 

1 

i 

^2 

2 

u 

1 

^i 


Gores, The head is gored 13^ inches /er cloth. Seamsp tailings ^ &c. &c. as the above. 


Main-topgallant-staysail, 4. Plate IN , fg , I. 

This fail is quadrilateral, cut fquare on the foot, and made of canvas N® 7, from 50 guns and upwards, and all under 
of N° 8. It has a bunt from one-third to threc-feveiiths of the depth of the after-leech, and is hoifted on the main-top- 
gallant-ftayfail-ftay. The after-leech is nearly of the fame depth as the leech of the middle ftayfail, and there are from 
tnree to fix cloths more in the foot than the leech is yards in depth. In merchant-lhips there are from two to eight cloths 
more in the foot than the leech is yards in depth. 


Guns • - - - 

no 

98 

80 

74 

50 

44 

38 

36 

24 

18 

16 

Tons - . . . 





B 

1120 

1040 

920 




Number of cloths f head or ftay 
in the - Ifoot 

22 

22 

164 

7 

21 

21 

154 

6 

21 

21 

64 

21 

21 

64 



1 


>3 

io4 

*4 - 

12 

12 

94 

*4 

12 

12 

92 

24 

Yards in the fail - - - 

Yards in the clue and peek- 7 
pieces • - - j 

Yards in the bunt-lining 

2584 

3 

34 

225} 

3 

3 

* 3 « 

3 

3 i 

231 

3 

3 i 

153 

3 

*4 

136 

3 

24 

120 

3 

2 

120 

3 

2 

844 

3 

>4 

72 

3 

»4 

72 

3 

14 

Totals 

265: 

23*1 

*374 

2374 

1584 




89 

764 

764 


head is gored 24 inches fer yard. SeamSf tabVsngSf See, 8 cc, as the mizen-ftayfail. 
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Dhiver-boomsail, ii. Plate ]V.fg.h 

I'his fail ia quadrilateral, made of canvas N° 6, and is occafionally hoifted to the gaff in light fair winds. The 
forcJecch laces to the inizcn*ina(l| and the inner part of the head tothegaffi and the outer part to a ftnallyard* 

The foreJeech is nearly the fame depth as the fore-leech of the mizen-courfe, and the after-leech is from two to four 
yards deeper than the after-leech of the mizen-courfe. 


Guns 


Ito 

98 

80 

74 

50 

44 

38 

36 

24 

18 

16 

Tons 


2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

425 

360 

Number of cloths i 


23 


26 


21 

224 

22 

19 

16 

‘5 

14 

( toot 



33 

iH 

27 

28| 

27 

25 

21 

>9 

18 

Depth in yards of 

f after-leech 

22j^ 


24 

H 

*9 

23 

*3 

22 

18 

16 

16 

the 

[ fore-leech 

10 


11 

11 

H 



II 

8 

8 

7 f 

Yards in the fail 

m m m 

455 

414} 

5 ‘ 5 i 

5075 

330 

440 

422I 

363 

222 

204 

i 89 i 

Yards in the clue-] 

)iecc 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Yards in the tack, 

, nock, andl 

3 

peek-pieces 

- 4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Yards in the gores 

1 

56 

52 

65 i 

63 

47 

53 

47 

36 

26 

20^ 

it 


Totals - 

519 

4744 

589^ 

578^ 

385 

501 

4774 

407 

256 

232^ 

ai 5 i 



Inchei. 











, 1 

[head 


If 




Ii 

li 

if 


li 

li 

Bolt-rope on the^ 

foot 

1 

3 

3 

3 

3 


3 

3 

2I 


2 

2 

1 leeches 

3 

3 

3 

3 


3 

3 

A 


2 

2 


Corf/.— The head, foot, and maft-leech are cut with a decreafe gradually from one breadth to the other, but the 
roach or curve ; and as no ftriA rule can be laid down, the felvage is not cut. 

gores mull be judicioufly increafed or diminilhed, according Tabhgt and head-holes, fee fecond procefs in fail-making, 

to the fweep required. The gore on the head is at the rate Clue-lining is five yards in length, and the tact, noth, and 

of from nine to twelve inches per cloth ; and on the foot from ptek-^ces are each one yard in length, 
fix to nine inches /rr cloth. From four to fix cloths next the Slaei-eloth.—Tm inches Ihould be taken up with the rope 

clue are cut fquare ; or the fifth cloth next the clue being in every yard on the malUeech, and one inch in every cloth 
fquare, the other four cloths are (hort-gored, one inch per in the foot. 

cloth to the clue. From four to fix cloths are gored on Iron thindles are generally fpliced in the rope at the tack, 
the maft-leech ; and if the depth of the leech be divided by nock, and peek, which arc otherwifefittedasthe mieen-courfe. 
the number of cloths in it, the quotient will be the regular Clue likewife is fometimes made with an iron thimble } but 
gore per cloth, which mull be iccrcafcd on the middle cfoths, if not, it is made as deferibed in the third procefs of fail- 
Fo as to form the fweep required. making. 

Seam are fix inches broad for fix feet up the fail from Cringles for the lacing are made on the maft-leech, thirty 
the foot ; and two inches broad for four feet down from the inches afunder. 

head ; the remainder is one inch broad. The fcams are to To find the quantity of canvas, refer to Rule 4. 
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Lower Main-studding-sails, i8. Plate IV. Jig. z. 

Thffc fails are quadrilateral, cut fquare on the head, foot, and leeches, and made of canvas N® 6, from 50 ^ns 
upwards, and 7 all under. They are fprcad beyond the leeches of the main-courfe, their heads being bent to their 
rcfpc<f^ive yards. 

Theft* fails are two or three yards deeper than the main-courfe. In large fhips, two cloths more, and in fmall ftips 
one cloth Icfs, are allowed for the breadth, than the number of yards in the depth. But in merchant-ftiips, they are 
only one yard deeper, or of the fame depth as the main-courfe ; and from two to feven cloths arc allowed in the foot 
more than the number of yards in the depth. 


Guns - - , - 

no 

98 

80 

74 

50 

44 

38 

36 

24 

18 



Cutter. 

Tons .... 

2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

m 



180 

Number of cloths in f head 
the - - 1 foot 

Depth in yards 

Yards in the fail 

Yards in the rt'ef-band 

Yards in theclueand earing. 1 
pieces - - - -j 

Totals 

t head 

Bolt -rope on the J foot 

t leeches - 

20 

20 

19 

»9 

•7 

•9 

»9 

18J 

19 

>9 

iH 

16 

16 

'54 

16 

16 

' 5 i 

'5 

'5 

'54 

15 

12 

12 

13 


1 1 

11 

II 


10 

13 

20 

350^ 

32 

1 

323 

3 i 

I 

35 ^ 

34 

I 

35 '? 

34 

1 

248 

1 

248 

I 

228| 

24 

I 

228I 

24 

I 

'56 

2 

I 

121 

It 

I 

1 

225 

2 

3 S 4 

327 i 



25IH 

25'5 

2324 

2324 

'59 

1234 

'234 


227 


li 

2 i 

I J 

24 

24 

2 

2 

2 

2 

'4 

>4 

'4 

't 

1 

I 

* 2 

I 

1 “ 


1 


For feams^ tablings, reef and head-holes^ confult the two firft procefl’es in fail-making. 

A reef-hamli fix inches wide, is put on at one-cighth of the depth from the head, and a reef-ermk made at each 
end of the reef-band. r y 

Clues f eatings^ and Jewing on holt^rope^ fee third procefs in fail-making. 

To find the quantity of canvas, refer to Rule 3. 


Lower Fore-studding-sail, 15. Plate . Jig. z* 
This fail is like the former, except that it has no reef. 


Guns - - - - 

1 10 

98 

80 

74 

50 

44 

38 

36 

' 

24 

18 

16 

Brig. 

Tons .... 

2165 

1970 

1900 

i 860 

1200 

1120 

1040 

920 

600 

425 

360 

200 

Number of cloths in ( head 

'9 

18 

18 

18 

'5 

'5 

14 

'4 

11 

10 

10 

mi 

the - - 1 foot 

19 

18 

18 

18 

>5 

15 

mm 

'4 

11 

10 

10 


Depth in yards 

144 

H 

'5 

15 

'3 

>3 

■9 

13 

1 1 

10 

10 

H 

Yards in the fail 

2854 

252 

270 

270 

195 

195 


182 

121 

100 

ICO 

90 

Yards in the clue and ear-") 

I 

1 

T 

I 

1 

f 


I 

I 

I 

I 

I 

ing-pieces - - 3 

1 

i 

1 


A 


Totals 

2864 

253 

271 

271 

196 

196 

'83 

183 

122 

101 

101 

9' 

Bolt-rope the fame as main- 







lower-itudding-fail. 









1 
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Main.topmast-siuddikg-sails, 19. PlateW. fg. I, 

TVle falls ar.MiuadriUtcral, and made of the fame canvas ai the lower (ludding-fails. They are fpread beyond the 
of the main-topfail. 

Ttie depth is one yard more than the main-topfail, and two cloths lefs are allowed for the breadth of the foot than 
the number of yards in the depth of the leech. 


Guns . . * • 

no 

9S 1 80 

74 

50 

44 

38 

36 

24 

18 1 16 

1 

Brig. Cutter 


Number of cloths in f head - 

16 


•5 

*5 

1 

12 

It 

11 

11 

8 

1 8 

8 

8 

8 

the - * ( foot - 

20 

IQ 

>9 

‘9 

if) 

'j 

■ 5 . 

> 5 , 

12 

1 

I I 

10 

12 

Depth in yards - 

22 

21 i 

2li 

2l| 

• 7 l 

« 7 l 


1 

I / + 

1 4 a 

>3 

1 2-' 

10^ 

15 

Yards in the fail - 

39^ 

357 

36ii 

3"^ 

| 24 'i 

2275 

227 i 

224J 

' 4 f 

130 

n8| 

94I 

'5 

150 

tj 

Yards in the roef-band - 

4 


2 A 


! 2 

• »- 

I? 




li 



Totals - 

Bolt -rope the fame fize as the 
main-lower-ltudding-fail. 

398I 

^S 9 i 

363I 

363! 

2435 

229; 

229J 

226^ 

^.1"! 

i 

> 3 U, 

120J 

96 

151^ 


Cforcs . — Four cloths are gored on the outer leech in the 
royal navy, and from four to feven cloths in merchant-fhips ; 
and a regular gore is made on the head and foot of four 
inches per cloth, decrcafing to the outer earing at the head, 
and iiicreafing to the tack or outer clue at the foot. 

For frams^ tablin^s^ reef and bead-hoks^ refer to the fc- 
.''ond procefs of fail-making. 


Reef band is put on the fame as the main-lowcr-fludding-fail 
Reef cringle, one is made on the leeches^ at each end of thr 
reef-band, and a doivnha^ivUcrin^lc is made on the outer leech, 
about half the depth of the leech from the head. 

due and Jewing on the bolt'rope^ refer to the third procefs 
in fail-making. 

To find the quantity of canvas, refer to Rule i 


Fore-topmast-stcddikc-sails, if). Platt IV. 2. 

Tlicfe fails are fo much like the former, rerf-bandt eicepted, as only to need the followng dimcnfions. 

' ' -I ..n I 98 I 80 I 74 I 50 I 44 I 38 36 »4 »8 I 

920 600 425 3<^o 200 


7 7 

ti n 



Number of cloths in C head 

15 

>4 

the - • 1 foot 

»9 

18 

Depth in yards 

20 

19 

Yards in the fail 

Boll-rope the fame fize as 
the main-topmaft'ftud- 
ding-fail. 

340 

304 



i860 

1200 

14 

18 

i8i 

296 

11 

2041 
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MaIN-TOPC ALL ANT-STUDDING-SAILS, 20 . Plale IV. Jig. 2. 

Thefe fails are quadrilateral, and made of canvas 7, from 50-gun ftiips upwards, and all under of N°8. They 
are fpread beyond the leeches of the main-topgallant-fail, the heads being bent to their reTpeftive yards. 

The depth is half a yard more than the main- topgallant-fail in large (hips ; there are five cloths more allowed for the 
breadth of the foot than the number of yards in the depth ; hut in fmall (hips there are only three cloths more, or the 


fame number of cloths in the 

breadth of the foot as yards in the depth 

of the leech. 






Guns 

no 

98 ! 

0 

0 

oc 

44 

38 1 

36 

*4 

18 

16 

Brig. Cutler 

Tons 

I2165 

1970 1 

1900 1860! 1200 1 

1120 

1040 1 

920 

600 

425 

360 

200 

180 

Number of cloths in C head 

12 

1 1 

II 8 

8 

8 

8 

6 

5 


6 

5 

the - - 1 foot 

16 

15 

15 15 n 

II 

II 

11 

8 

8 


8 

8 

Depth in yards - 
Yards in the fail 

1 1 

10^ 

loi loh ft 
136I 1 36! 8o| 


00 

00 

H 

7i 


6| 

40^ 


7 




78 i 

Soi 

435 

43 i 

45 i 

rhead 

Bolt-rope on the J foot 

Inch#** 

2 

2 

li 

2 


1 J 





It 

4 

(.leeches 

2 

2 

2 

4 


li 


4 

li 

li 


Gores . — The outer leech is gored from twt) to four cloths, and a regular gore is made on the head and foot, from 
three to five inches per cloth, decreafing to the outer earing at the head, and increafing to the tack on the foot. 

For feamst tablings^ and head-holes^ confult the firft and fccond procefles in fail-making. 

Clues and fenutng on the holt-rope^ fee the third procefs in fail-making. 

To find the quantity of canvas, refer to Rule t. 

Fore-topgallant-studding-sail, 17. Plate W .jig.%. 


This fail is fo much like the former, that the dimenfions need only be added. 


1 Guns .... 

IIO 

98 

80 

74 

50 

44 

38 

36 

24 

18 

16 

Brig. 

Tons - - - - 1 2165 

1970 

1900 

i860 

1200 

1120 

1040 

920 

600 

425 

360 

200 

Number of cloths in f head 
the - - { foot 

Depth in yards 

Yards in the fail 

Bolt-rope the fame fize 
as the main-top.gallant- 
ftudding-fail. 

1 1 

IS 

10 

130 

10 

9I 

111 

10 

14 

9i 

114 

10 

14 

9h 

114 

7 

10 

li 

65s 

7 

10 

7l 

65 J 1 

7 

TO 

7l 

65i 

1 

7 

10 

7i 

61^ 

5 

7 

39 

4 

7 

61 

1 35i 

i 

1 

4 

7 

sf 

3it 

1 i 

6 

8 

43 t 

1 


Number of Sails in a Suit for eight Months^ Service in the Royal Navy. 


Two main-courfes. 

Two main-top fails. 

One main-topgallant-fail. 
One main-royal. 

Two forc-courfes. 

Two fore-topfaiU. 

Two fore-topgallant-fails. 
One fore-royaL 
One fpritfail-courfe. 

One fpritfail-topfail. 

One driver-boom-fail. 
Two mizen-courfes. 

Two mizen-topfails. 

One mizen-topgallant-fail. 
One main-ftayfail. 

Two fore-ftayfails. 


One mizen-ilayfail. 

Two main-topmaft-ftayfails. 

One middle-iiayfail. 

One main-topgallant-ftayfail. 

One fore-topmaft-ftayfail. 

One royal-ltayfail. 

Two jibs. 

One nying-jib. 

One mizen-topmaft ftayfail. 

Two main-ftudding-fails. 

Two main-topmall-lludding-fails. 
Two main-topgallant-ftudding-fails. 
Two fore-ftudding-fails. 

Two fore-topmalf-fiudding-fails. 
One fore-topgallant-ftudding-fail. 
One fmoke-fail. 
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The Quality of Canvas of vihich the dijfereni Sakh are made in 
the Merchant Service. 

Canvas of N® i. 

Main andpfore-courfes, and main and fore-ftayfalls, of Eaft 
India (hips* 

Canvas of N° 2. 

Main and fore-courfes, and main and fore-ftay fails, of Well 
India (hips. 

Canvas of N° 3. 

Mir-en-courfe, main and fore-topfails, fprit-courfe, and 
mi*en-ftay fails, of Eaft India Ihips. 

Canvas of N® 4. 

Mizen-topfails of Eaft India (hips. 

Canvas of N® 5* 

Driver-boom-fails of lar^e Eaft India (hips, main-topmaft- 
ftayfails of Eaft India (hips, and mizen-topfails of Weft 
India (hips. 


Canvas of N® 6. 

Driver-boom-faiis of Eaft and Weft India (hips, fore-top- 
maft-ftay fails of Eaft India (hips, main-topmaft-ftay fails of 
Weft India (hips, fpritfail-topfails, and mam and fore-top* 
gallant- fails, of large India (hips. 

Canvas of N® 7. 

Main and forc-topgallant-fails, middle-ftayfails, dyings 
jibs, lower iludding-lail, main-topmaft-ftudding-fails, main- 
topgallant- It ay fail, of Eaft and Weft India (hips, and fore- 
topmaft-llayfail of Welt India (hips. 

Canvas of N° 8. 

Mizen-topgallant-fails, and main-topgallant-ftudding-faib, 
of Eaft and Weft India (hips, mizen-topmaft-ft ay fails and 
royals of Eaft India (hips, and fmall flying-jibs of Eaft India 
(hips, if any. 

As there can be no fixed dimenfions of merchant-(hips' 
fails, the fame inirabcr of cloths, or nearly fo, of (hips of the 
fame tonnage in the royal navy may be taken, and about 
feven-eighths of their depth. 


Quantity and Quality of Canvas of a finglc Suit of Sails for Eaft and Weft India Ships of London Canvas, 

thirty-eight Yards to the Bolt. 



N® I. 

N® 2. 

N° 3. 

N® 4. 

N® 5. 



N® 8. 

r— "" 

Total 

Number of 
Yards. 

Tons. 

Eaft India (hips of 1200 
700 

Weft India (liips of 50c 
400 

YarHs. 

• 373 , 

Yanis. 

446 

Yards. 

1788 

1291 

714 

615 

Yards. 

306 

262 

\ards. 

744 

270 

. 5 ii 

156 

Ytrds. 

835 

436 

262^ 

297 

Yards. 

* 33 * 

•3844 

lOIOj 

8474 

Yards. 

496 

*854 

130 

156 

Yards. 

6873 

48814 

28^1 

*S >74 


A Table of the Quantity of 
Months’ Service in 


Materials iifed in making a Suit of Sails for a Ship of each Rate for 
the Royal Navy, and a fingle Suit of Sails for Eaft and Weft India Ships. 


eight 


1 

1 

0 


Twine Line. 




-3 

c 


H 

S’ 

C/3 

•0 

P 

Yards of fewln^ 
Twine. 




n 

■ 

s 5 

ac 

«• 

1 

1 

? 

• 


=• 

? 

c 

■ 

D 

0 


•i' 

B 

Waxed, 

Dipped. 

Bedt-rope. 

(>uns. 

Royal Navy of no 
98 
80 
74 
SO 
44 

38 

36 

H 

18 

16 

Eaft India (hips 

Weft India (hips - 

Tons. 

1200 

700 

500 

400 

Yarrls. 

100 

96 

$ 

70 

70 

65 

57 

48 

40 

36 

40 

30 

16 

12 

Lb. 

340 

330 

33<5 

330 

250 

246 

238 

228 

165 

130 

126 

*35 

107 

64 

60 

Lb. 

170 

160 

165 

120 

1 18 
II4 

1 **4 

1 *04 
i 70 

64 

70 

60 

34 

30 

No. 

43 

39 

42 

42 

37 
36 
3<5 
35 1 
30 

23 

21 

22 

20 

•3 

9 

No. 

21 

20 

21 

21 

*7 

16 

16 

'16 

10 

8 

7 

5 

4 

3 

2 

u. 

56 

5 ' 

56 
40 
39 
3 ! 
3 ® i 

28 

*4 

22 

Lb. 

50 

46 

48 

48 

36 

34 

34 

34 

*4 

20 

•9 

i 

Lb. 

*4 

*3 

14 

*4 

10 

10 

10 

10 

7 

6 

6 

i 

j 

Lb. 

122 

1 16 
121 

121 

90 

88 

86 

84 

63 

48 

30 

26 

16 

*3 

Gall. 

39 

36 

36 

21 

20 
18 
^ 18 
12 

10 

9 

6 

5 

4 

3 

Barr. 

? 

6 

6 

3i 

3 

3 

3 

2 

li 

k 

2 

Cwt. 

a 

L 

3 

2 

'A 

2 

42164 

39554 

4193*5 

41711 

31264 

3*923 

3**73 

30197 

22475 

17836 

17240 

21822 

20631 

21018 

20671 

14908 

14150 

* 39*3 

*3^50 

10920 

9083 

8575 

41623 

3*395 

22919 

20815 

Cwt. qr. Ib. 
32 a 24 

28 3 26 

29 0 21 
28 3 24 
16 3 21 
*4 3 22 
14 I 9 
13 3 26 

9 2 27 
817 

6 0 12 

9 3 25 

7 0 12 

4 3 *7 

3 0 25 
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Jing*s MainfatU — This fail is quadrilateral, and made of 
i:anvas 5 or 6. The foredeech is in depth from the 
under part of the hounds of the main^malt to the boom, 
and the depth of the afterdeech is about one-third more than 
the depth of the foredcccli. The head is bent to the gaff, 
and Ipreads witJiin nine inches of the cleats on the outer end, 
the forcdecch to hoops encircling the mall ; and the foot is 
fpread on the boom within eighteen inchts of the flieave- 
liole at the outer end. 

Gores. — The head and maftdeech are gored with a roach. 
The regular gore on the head is from four to five inches 
cloth, and the roach or fweep (hovild be cut after the fan is 
fewed together. The foot is gored with a circular fweep, 
at the rate of five or feven inches cloth, leaving four or 
five fquare cloths at the clue ; or at the rate of fourteen t»> 
eighteen inches per cloth for every cloth in the malldeech, 
which has five or fix gored clotlis in it. 

Seams are three inches broad for eight feet up the fail from 
the foot, and two inches broad for eight feet down from the 
head ; the remainder is one inch broad, the feams decreafing 
gradually from one hreadtli to the other. 

For tahlings^ head-holes^ and holes on mall or fore-leech, 
confult the nril and fecund procefl'es in fail-making. 

Reef-bands. — This fail has three, fix inches broad, parallel 
to the fool. The upper reef is nearly half way up the fore- 
leech, and the other at equal dillances between that and the 
foot. 

Reef-hanks are generally fewed on the reef-band at each 
feam, on both fides of the fail. 

JLinings. — The after-leech is lined with one breadth of 
cloth from the clue to one yard above tlie upjK*r reef-band ; 
at the uppci part half a yard of tlie lining is cut down, and 
the inner part is doubled under, or cut off. The peek-piece 
is one yard in length, and the fore-leech is lined with half a 
breadth of cloth ; or fometiines pieces one yard in length are 
put on at the tack and nock, and fmall triangular pieces at 
each hole. 

In fewing on the bolt-rope, four inches of flack-cloth 
fliould be taken up with the rope in every yard on the 
matt -leech. 

Large iron thimbles 7 iTQ ftuck in the cringles at the r/wr, 
peeki nocki and tack ; alfo in the cringles made on the leeches 
at the ends of the reef-bands : a lufT-cringle is made on the 
mail-leech, cquidillant from the lower reef-band and the 
foot, which alfo has a thimble. 

To find the quantity of canvas, refer to Rule 4. 

Cutter*s mainfail only diflers from the former in the fol- 
lowing particulars, ll/'s. the canvas is of i or 2. 

The head is generally wider, and the peeks Icfs, for the 
cuttoms, revenue, fmuggling-c utters, and merchant fervice, 
than thofc of the royal navy. The former are better adapted 
for velocity, the latter for handfome appearance. 

Reef bands. — 'Fo have four in number, eight inches broad, 
and put on parallel to the foot ; the upper reef is about 
thrce.fcvcnths of the depth of the mall-leech from the foot, 
and the others equally divided between that and tlic fo )t. 

The /earns arc five inches broad for twelve feet up tlie fail 
from the foot, and three inches broad for eight feet down 
from the head ; the remainder to be one inch and a half 
broad. 

Slack-cloth to be taken up in fewing on the bolt-rope is 
four or five inches in every yard in the depth of the matt- 
leech. 

Smack* s mainfail h fimilar to the above, and made of canvas 
N® 1 or 2. The after-leech is about one-fifth deeper than 
the matt-leech. 

Gores about ten cloths on the maft-leech. Th? head is 
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gored at the rate of four or five inches per cloth ; and I hr 
toot, with a curve, at the rate of twelve or fi)urtecn inches 
per cloth, for every cloth in the matt-leech, it having a (hort 
gore to the clue on five or fix cloths, at the rate of three or 
tour inches per cloth. 

Linings . — The matt-leech is lined with a breadth of cloth 
from the tack to the nock ; the after-lecch the fame as tlu*. 
brig, and the peek is lined with a cloth one yard and a halt 
in length. 

Ref -hands the fame as the cutter ; and fometiines a 

Bcuance-reef is put on acrofs the fail, from the nock to 
the upper reef-cringle on the after-leech. 

Bolt-rope on the mall-leech fliould be three inches ; and on 
the head, foot, and after-leech, one inch and a half ; and four 
inches of flack-clorli fliould be taken up with the rope in 
every yard on the mail -leech. 

Sloop* s mainfail is like the fmack’s, but the after-leech it 
only onc-third deeper than the mall-leech. 

Cutter* s Tryfail. — This fail is occafionally ufed, inttead of 
the main-fail, in llonny weather, and made of canvas i 
or 2. In the head of this fail there are only two-fifths of 
the number of cloths that are in the head of the mam-fail : 
the mall -leech is about three-fourths of the depth of the 
matt-leech of the main-fail, and the after-leech is one l:xth 
deeper than the maft-leech. 

Gores. — Eight or ten cloths arc gored on the mattdcech. 
The foot is gored with a curve at the rate of five or fevcii 
inches per cloth from the tack, leaving two or three fquare 
cloths at the clue. 

Reef hands. — This fail lias three reef-bands, fix inches 
wide, parallel with the foot, the upper one is three-eighths 
the depth of the niall-lecch from tlie foot, and the others 
are at equal diflances between the fool and the^upper one. 

Strengthening-bands. — Three are put on, of halt a breadth 
of cloth, at equal dillances between the upper reef-band 
and the head, wliich are feamed on and liuck along the 
middle. 

Seams fhould be five inches broad for twelve feet up from 
the foot, and three inches broad for eight feet down IViim the 
head ; the remainder is one inch and a half broad, to decrcafe 
gradually from one breadth to tlie other. 

Liningsy tabhngs^ reef-hanks^ kc. 3cc. as the main-fail. 

Veflels having one matt oidy, have fails peculiar to that 
clafs, which we fliall briefly notice. Such are the 

Square Sail^or Crofs-Jafk . — This fail is quadrilateral, made 
of canvas 6 or 7, cut fquare on the head and leeches : 
the head is bent to the crofs-iack yard, and extends within 
fix inches of the cleats on the yard arms. The depth of 
the fail is about four-fifths of the depth of the fore-leech of 
the main-fail. 

Gores . — The foot is gored one inch or more per cloth, in- 
crcafing from the middie to each clue ; having two or three 
fquare cloths left in the middle. 

ScamSf tablingSf and headdsoles^ as other fails of the fame 
fize. 

Reef-bands. — It has two, four inches broad ; the lower 
one 18 at onc-fixlh of the depth of the fail from the foot, and 
parallel thereto ; and the upper reef is at the fame diilance 
from the head. 

Reef-hanks are fewed on the reef-bands, as on the main- 
fail. 

Linings. — One yard of cloth is put on at each clue, 
lialf a yard at each earing, and half a yard againtt every 
cringle on the leeches. Thefe linings are all put on the aft- 
fide. 

Cringle . — One is made at each end of the upper reef-band ; 
and three bowline-cringles are made on each leech 5 the upper 



SAIL-MAKING 

bowliue-cnngle is made on the middle of the leech, and the 
others are equally diftant from that and the clue. 

Clues are fometimes marled on ; and, for this purpofc, 
ten marline-holes are made each way from the clues. 

Bolt-rope on the foot and leeches, fluiuld be one inch and 
a half or two inches in circumference ; and on the head, one 
inch, or one inch and a half. 

Slack-cloth^ when fewing on the bolt-rope, one inch fhould 
be taken up in every cloth in the head and fool. 

Topfail is fimilar to other topfails made of canvas 6 
or 7. The depth in the middle is one-third of the depth of 
the crofs-jack. 

Gores* — From one to two cloths arc gored on the leeches, 
and the foot is hollowed from one-third to half of the depth 
of the fail in the middle (to clear the jib-itay ), or at the rate 
of ten to twelve inches per cloth from the middle to eacli clue, 
the middle cloth being left Icjuare, 

Reef-band of four inches broad is put on at one-third of 
the depth of the middle cloth from the Lead. 

BowlinCi cringles y &.c. 5 :c. as the fquare fall. 

Gaff-topfalL — This fail is quadrilateral, and made of canvas 
N'^ 8. The fore-lecch is four-lifths of the depth of the 
malt-leech of the main-fail. This fail is bent to thetopgul- 
lant-malt, with a fmall yard on the head above the main-fail, 
and is only iiLd in light winds. 

The foot has nearly the lame number of cloths as in the 
head of the main-fail, and nearly tliree-fourths of the number 
of cloths arc gored on the malt -leech. 

Gores at the foot are the fame as the gores on the head 
of the main-fail, that the foot may anfwer, to the peek 
of the main-fail, the head-gores being the fame. 

Bolt-rope on the mall-leech fliould he one inch and a half; 
and on the head and foot and after-leoeh, one inch. 

SavealhtopJaiL — This fail is quadril.ili'ral, made of canvas 
N® 8, cut Iquare on the head and foot. The head is ex- 
tended by haliards fallcned to thecaring-cringles, under the 
hollow of the foot of the top-fail, its fo.)t fpreadingthc 
crofs-jack yard between the clues of the toplail. It is Celdom 
ufed but ill light winds. 

Gores , — Two or tliree cloths are left fquare on the licad, 
and thf.‘ rell arc gored for the leeches. 

Bolt-rope round the fail is one inch in circumference. 

Ringtail fall . — 'Lhis fail is quadrilateral, made of canvas 
N^7or8. It is occafinnally hoi lied abaft the after-leech 
of the main-fail, to which th; fore-leech is made to anfwer. 
The head is bent to a fmall yard at the outer end of the gaff ; 
and the foot on the boom, which is prolcmged by a piece 
lafhed to the outer end. The number of cloths in the foot is 
three-eighths the number of cloths in the loot of the main- 
fail ; and the head has three-eighths of the number of cloths 
ill the foot. 

Gores , — The head has a regular gore, the fame as the main- 
fail, and the foot is gored with a gore of one inch per cloth, 
increafing to the tack. 

Bolt-rope on the head, foot, and after-leech,* fhould be one 
inch in circumference ; and on the fore- leech one inch and 

a half. 

,A fail of this kind, but more fquare, is fometimes fpread 
in light winds, on a fmall mall, eredted at the taflarel of 
fome vefielfi ; the foot being fpread out on a boom that pro- 
jefts horizontally from the Hern. 

This fail is triangular, made of canvas N° i 
or a ; and bends with hanks to the Hay next before the malt* 
The depth of the leech is nearly the fame depth as the inalt- 
leech of the main-fail, and there are as many cloths in the 
foot as will bring it clear of the mall. 

Gores, — The depth of the hoift, or fore-part, divided by 
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the number of gored cloths, gives the length of each gorc- 
rhe foot has a fliort gore of one inch or more per cloth, in- 
creafing to the clue ; leaving one or two fquare cloths at the 
tack. 

Linings f &c. — The leech-cloth is left three-quarters of a 
yard longer than the depth of the leech for the head-lining, 
and the cloth at the tack is lo cut as to fall to the foot and 
form its own lining ; it has one cloth at the clue, to run up 
above the reef-bands, the fame as the main-fail. 

Seams Ihould be three or four inches broad at the foot, 
decreafing to one inch at the hoift. 

Reef bands, — To have two four inches wide, are generally 
put on at one-eighth of the depth of the fail afunder, the 
lower one being at that dillaiice from the foot. Sometimes 
a bonnet is ufed inllead of the lower reef. 

Retf hanks are generally fewed on, inllcad of ufiiig reef- 
]>oints. 

Bolt rope on llie Hay to be two and a half or three inches 
in circumference, and on the foot and leech one inch and a 
half or two inches. 

Slack-cloth, — I’lircc or four inclics of flack-cloth fliould 
be taken up willi the rope in every yard on the hoill. 

Headjlick. — I’he hoiil-rope is put through the holes in 
the liead-flick, then ferved whth fpun-yarn, and rplicc4 into 
the Icech-rope. The middle of the head-ilick is then feized 
to the head of the fail, and a thimble is feized in the bight 
of the rope. 

Thimbles arc generally lluck in the cringles at the tack and 
clue. 

,Jib . — This fail is triangular, made of canvas N*'’ 2 to 6, 
and 13 fometimts bent w ith hanks to a Hay before the forc- 
fail, or hoills with hahards without a Hay. The number of 
cloths in tile loot is two-thirds the number in the foot of 
the main-fail, or wide enough to Ipread the bowfprit, and 
the depth of the leech is about one yard for every cloth in 
the foot. 

Gow. — The foot is gored with a fweep, at the rate of 
from four, five, lo fix inches per cloth, increafing to the due, 
leaving one fquare cloth at the tack ; fometimes the fourth 
and filth cloths from the lack are left fquare, and a Ihort 
gore from thence to the tack of one inch per cloth. 

Linings. — The lecch-cloth is left tliree-quarters of a yard 
longer than the depth of the leech, for the head -lining and 
tabling; the cloth at the tack is cut fo as to fall to the 
foot and form its own lining ; and the clne-piccc is two 
yards in length. 

Seams on the foot fliould be three or four inches broad, 
and fliould decreafe to one full inch on the hoifl. 

Bolt-ropCy if hoiHed on a Hay, the rope on the hoill fliould 
be tw'o inches and a half or three inctics in circumference ; 
but if not hoiHed on a Hay, the rope on the hoill fhould be 
five inches. The rope on tne foot and leeches Ihould be two 
inches and a half. 

Slack-cloth. — Four or five inches of flack-cloth fliould be 
taken up in every yard m the hoift, when roping, and the 
rope on tlie hoill put through the holes in the head-ftick, and 
completed as the fore-fail. 

Obferve, the fecond jib is feven-eighths the fize of the Jltjl 
jthy and the third jib is three-fourths the fizc of the Jitfl jib ; 
but they arc both made like the Jitfl jihy as above. 

Storm yi^.—This fail is triangular, and made of canvas 
N° 1 or 2. It is two-thirds the fize of the firll jib, and is 
ufed in ftormy weather. 

Gores, — The foot is gored at the rate of five or fix inches 
per cloth, increafing to the clue. 

Seams. — To be three or four inches broad at the foot, 
and decreafed to one inch on the hoift. 
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The clue 9s lined with a breadth of cloth one 
yard and a half in length ; a pirco one yard long i?. put on 
the peek, and the cloth at the Uck is fo cut as to fall to the 
foot, and form its own lining. 

Strengihening^bandsf of hali a breadth of cloth, are put on 
parallel to the foot, at one-tliird of the depth of the fail 
afunder. 

Boh-ropc on the hoid fhould be five inches in circum- 
ference, and on the foot and leech two inches and a half. 

Slack-doth . — Four inches of flack-cloth (hould be taken 
up in every yard on the hoift when roping. 

Flying Jib, — U'hig fail is triangular, made of canvas 6, 
and is two-thirds the fize of thejfr^ jib. it is the foremofl 
fail, and hoifts without a flay. 

Gores , — The fool is gored with a fweep, at the rate of 
eight or nine inches per cloth, increafing to the clue. 

The piece at the clue is one yard and a half in length ; that 
at Xhi'tcei is one yard ; and the cloth at the tack is fo cut 
as to fall to the foot. 

Seami fhould be two inches and a half broad at the foot, 
and decrcafe to otie inch at the hoill. 

B$h-rope on the hoili fhould In* three inches and a half 
in circumference ; on the foot two inches, and on the leech 
one inch. 

Three inches of flack-clotli fhould be taken 
up with the rope in every yard in the hoill. 

Thimb/a are foinetinics fpliced in the tuck and peek. 

Boat Sails, 

Settee-fail, —Thk fail is quadrilateral, made of canvas 
N° 7 or 8. The head is bent to the latteen-yard, and ex- 
tends within fix inches of the cleats at the arms. 

Com.— The cloth at the tack is cut goring to the 
nock, and the bunt is the depth of the reef, which is one- 
fifth of the depth of the leech. The depth of the leech is 
five-fixths of the length ®f the head. The length of the 
head, divided by the number of cloths in it, givc*s the length 
of each gore. The foot is cut with a curve, after the fail is 
fewed together. 

Head-holes and reef -hanks as other fails, with fniall cringles 
made on the leech at the reef nock, and peel, 

LugfaiL-^'Vhh fail is quadrilateral, made of canvas 
N® 7 or 8, The head is bent to a yard, and extends within 
four inches of tlie arrn-cleats. The fore -leech is avS deep as 
the length of the head, and the after-leecli is nearly one- 
half more in depth than the fore-!eeeh. 

Gores , — Two or three clotlis are gored on the fore-leech, 
and an even gore of fix inches per cloth is made on the head. 
The foot is gored with a curve ; the cloth at the due being 
cut with a tnn'c-inch Ihort gore ; the next cloth is fquarc, 
and tlie cloths from thence to the tack are gored at the rate 
of fix or eight inches per cloth. 

Reefs , — Two in number parallel to the foot; tlie upper 
reef is half way up the fore-leech, and the otlier is equally 
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diftant from that and the foot. Sometimes reef-bands, three 
or four inches broad, are put on at the reefs ; but wlien thefe 
are not ufed, holes are made one in every feam, for points or 
hanks are fewed on in Head. 

Holes,— fmall ones are made in each cloth in the 
head. 

Cringles arc made on the leeches at each reef; earing- 
cringles are made at the nock and peek ; and ten or twelve 
ftrands in the length of the bolt-rope .ire fei/:d at the tack 
and clue. 

Latteenfail — This fail is triangular, made of canvas 

7 or 8. The head is bent to tlie lattecn-yard, extending 
within fix inches of the cleats at the arms. 

Gores, — The length of the head, divided by the number 
of cloths, gives the length of the gore of each cloth. The 
foot is cut Iquare. 

Two fmall holes are made in each cloth along the head, 
through which it is laced on the yard. 

Bolt-ropes for this and the two foregoing fails are alike ; 
that is, one inch on the head, and one inch and a half on the 
foot and leeches. 

Obferve, if this fail is bent to the mail the head becomes 
the fore-leech, and it is called a Jhoulder-of-mutton fail. But 
if to the mall and a top-maft, which Aides up and down, a 
Jliding-gnntcr fail, 

iS^nV/JwVx.- 'Thefe fails arc quadrilateral, made of canvas 
N® 7 or 8. Tlie forc-lccchcs arc laced to their refpeftive 
mails ; anil their heads arc elevated and extended by a fprit, 
or fmall yard, that crofl'es the fail diagonally from the lower 
part of the mall to the peek. 

The fore-leech is nearly the depth of the mail, fo as to 
clear tiu' gunwale a few inclies. 

Gores, — The main and fore fpritfails have one or two 
cloth*! gored at the forc-lcech. The heads of them have a 
regular gore of twelve or fourteen inches per cloth, and the 
foot is cut fquare. The fore-leech and foot of a mizen- 
fpritfail are cut fijuare, but the head has a regular gore of 
eleven inches per cloth. 

Holes arc made on the fore-leeches about one yard afundcr 
for lacing them to tlic malt, and the mizen three-quarters of 
a yaid. Holes are alfo made at each feam acrols the fail 
of main and fore for a reef, at one-fifth the depth of the 
aftcr-lccch from the foot for tin* points or reef-hanks, inllead 
of being fewed to tlie fail. 

Small bights are made at the tack, nock, peek, and clue. 

Fore-fii/ and Jib.— Proportionally the fame as the lad 
mentioned. 

Saji-/, ft, a room or fhed wherein fails are made. 

SAiL-Room, in Ship- Building, an apartment or place of 
referve, built between decks, upon the lower deck or orlop, 
to contain the fparc fails. 

Sails alfo denote the vanes of wind-mills; or the arms 
or flights, by which the wind has its effeft on them. 

Thefe arc either horizontal or perpendicular. See Wind- 
mill. 
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SALT, Sal, in Chemijlry^ is a term fovariou fly applied 
as not to admit of an accurate definition. It is obferved, 
however, that the general and the molt ancient idea of alalt is, 
a cryllallizable fubftance, confiderably foluble in water, and 
highly fapid ; but for the fenfe in which the term is at pre- 
Cent applied, or of acids with alkalies, earths, or metallic 
oxyds, fee Salts. See alfo the references under Sal, and 
Kocx-Salu 

Salt, in the Manufadures and Domejlic F 4 ronorfiy, gcnc- 
rally fignifies the common culinary fait, which in a date of 
purity 18 called muriate of foda. See Muriate of SoJa, under 
Soda. 

Under this head we (hall give an account of the different 
varieties of the common culinary fait, and dcfcribc the dif- 
ferent procefTcs by which it is manufaftured. 

Alimentary or common fait may alfo be diftinguifhed into 
various kinds, according to the various ways of preparing 
it. Hence we havo, 

I. i?tfy-falt, prepared by evaporation, by the lieat of the 
fun. This fait is of two kinds ; tlic firll drawn from fea- 
water, as is praftifed in France, Spain, and Portugal, and 
many other hot countries; the other from tlic water of falt-^ 
fprings, or lakes, as in the Cape Verd iflands, in the ifland 
of Tortuga, Turk’s ifland, and many parts of America. 
The firll kind, in time of peace, is imported into Great 
Britain in large quantities. America and its filhcrici arc 
commonly fupplicd with the latter. 

The feveral kinds of bay-falt made in the diflerent parts of 
the world are found to differ greatly from one another in 
feveral particulars ; as, i. In the fize of the cryftaU, which 
is owing to the heat of the fun, and the time it lies in the 
pits. The French cream of (alt, and the blown fait of tlie 
ifle of May, arc fine and fmall-graincd. The Portugal fait 
is larger grained than that of France ; and that of Tortuga 
is larger than cither. 2. In purity : as all bay-falt has 
fome mud, (lime, or the like, in the making, and fome 
kinds are mixed with the bittern fait, or what is called Ep- 
fom fait. 3. They are all more white while dry, and more 
pellucid when moill ; and they differ in colour, accordingly' 
the earth which makes tlic bottoms of the pits. Thus, Idtm 
of the French bay-falt is grey, fome reddifh, and toim 
white, according as a blue clay has lined the pitr-, or a red 
or white one. 4. Some kinds of bay-ialt arc more apt to 
contraA a moillure from the air than others : an imperfec- 
tion to which the common forts of marine lalt are mucii 
more fubjeft ; this is fometimes owim^ to the Imallncis of 
the grain, and fometimes to a mixture of a cidcarcous or 
alkaline fait with it, or to acombiuatkm of earth with ma- 
rine acid. And, 5. Some kinds have an agreeable finell in 
large heaps ; fuch are the Portugal, and the Hamplhirc 
bay-falts; and this feems owing to the fea-water they were 
made from having a bituminous matter in it. 6. It differs 
greatly in tafte, according to the various foreign mixtures it 


contains ; and it will olteii alter in taile, and other qualities, 
by long keeping. 1 hus the (alt of IVccais is (o hitter, 
when new made, as not to be eatable, but after keeping a 
while, It becomes very plealant. This is owing to its cun- 
taming at firll a large proportion of the bittern fait, or Ep- 
iom (alt, which hqucrKM in keeping, and running off in form 
o\ a Hind, leaves the reff of a good tallo. In general, bav- 
falt is much fitter for ufe after it has been kept fome time in 
a dry place, than when it is lirll made. 

2. fait boiled, which is ext rafted from fca-water 
by coftion. 

3. Brine fait, or fountain fait, prejiared by boiling from 
natural brine, whether of ponds and fountains, or of lakcj. 
and rivers. 

4. White fait, prepared from fea-watcr, or any other 
kind of falt-water, firll lieightcned into a llrong brine by 
the heat of the fun, and operation of the air. 

5. White fait, prepared from a llrong brine, or lixivium 
drawn from earth, llones, or fands, llrongly impregnated 
with common fait. 

6. Refined rock-falt, which is boiled from a folution of 
foflilc (alt in falt-water, or in frefh. And, 

7. Salt upon /ally which is made from bay-falt diflolved in 

fea-water, or otluT water, and boiled to a white fait. 

All thefe kinds, except the firll, arc compndiended by 
Dr. Brownrigg under the general denomination of white 
fait. 

There is no foluble fait finind in nature fo abundant as the 
lalt under confuleration. We find it in fome proportion in 
almolt every animal and vegetable fubllancc. In the earth 
it is found in vail mafles, coiillitiiting rocks of fuch extent, 
as to afford an exhaulllefs fource of this valuahh' ingredient 
of our food. The mod remarkable of the falt-rnines, 
which arc excavations made into thefe rocks, are at Wiliec(l<a 
in Poland, Catalonia in Spain, Altemonte in Calabria, Loo- 
wur in Hungary, Tunis in Algiers, and Cliefhire, in this 
country. Sources of a fimilar kind have alfo been difeovered 
in America. Thefe rocks are fometimes almoll pure fait, 
requiring merely to be reduced to powder. In others it 
abounds with cartliy matter, and fometimes with oxyd of 
iron, giving it various colours. The foffile fait of Chemire is 
of the latter kind, and requires to be diffolved in water, and 
evaporated, to obtain it in cryltals. See RocK^Sa/t, 

Salt-fprings are another fource of fait, and fome lakes 
abound with a confiderable quantity. The fea itfelf is the 
principal of this clafs, which would furnifh a fufficient fup- 
ply for the ufc of man, if no other fource of it exifted. 
Indeed, the circumdancc of the fea abounding with more of 
this ingredient than any other, is a fufficient proof of what wc 
have before afferted, that it is the moll plentiful foluble fub- 
ftance in nature. The water of the fea, which raifed in the 
ftatc of pure water, and afterwards filtering through the earth 
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and mountains, brinprs to that iinmcnie relervoir every thing 
(bluble wliich it finds in its way. Hence wc find many 
other fubftances befides fait in fea-water. This will be ex- 
hibited in a tabular form hereafter. TL he falt-w'orks of Wie- 
hefka, in Poland, arc upon an immenfe fcale. The fubter- 
raneous excavations extend upwards of three miles. ^ Dwel- 
lings and chapels are formed in the folid rock, having the 
appearance of enchantment. The number of people^ ^em- 
ployed are from twelve hundred to two thoufand. 1 hey 
are faid not to live long, being liable to a complaint in the 
cheft. Great quantities of this fait require merely to be 
pulverized. 

In Chefliire, particularly in the neighbourhood of North- 
wich, the fait -works are very extenfivc. Great quantities 
^re got in the folid form, but not fufficiently pure for ufe. 
In this Hate it is conveyed from the mines to the Chefhire 
fide of the river, nearly oppofite to Liverpool. It is at this 
place diffolved in the Ica-watcr, from which it is afterwards 
feparated by evaporation and cryllallization, by a procefs 
which we fhall deferibe. 

There are alfo in the fame diftri£I falt-works, at which the 
fait called CheHiire fait is extracted from brine. Thefo 
works aredeferibed very intelligibly by Dr. Holland, in the 
Report of Agriculture for the County of Chelhire. Sec 
Rock-^W/. 

We fhall give a brief account of the procefs employed 
here for extrading the fait, for the fads of which we are 
indebted to the above author. The different Hates in which 
this fait is fold has given it different appellations, which are, 
fioved or lump falt^ common falty and another variety in the 
form of large cryHals, called JiJhery fait. In making the 
firH, the brine is put into pans of great furface and little 
depth, made of wrought iron, after the manner of Hcam- 
engine boilers. The fire being made to play uniformly over 
the bottom, the brine, which is fully faturated, is raifed to 
the temperature of 226'^. This high temperature, which is 
14° above the boiling point of water, is induced by the 
prefence of the fait. As foon as the liquid is hot, a 
white powder, fometimes tinged with oxyd of iron, be- 
comes feparated. This is partly fkimmed off, and fome falls 
to the bottom of the pan. This is moHIy carbonates of lime 
and iron, which were diffolved in an excefs of carbonic acid, 
and which is driven off when the heat is applied. It may 
here be remarked, that the ftratum of red marie in which the 
fait veins are found, contain carbonate of lime ; and it is fo 
liable to contain that excefs of carbonic acid by which it be- 
comes foluble, that the fprings of thofe countries where the 
fame red marie abounds, are highly charged with carbonate 
of lime, which is precipitated by heat. Tlie removal of 
the carbonates above-mentioned from the brine, as well from 
the furface as from the bottom, is called clearing the pan. 
Some brines abound with this impurity more than others, 
and fome contain none at all. The liquid now becomes 
clear, and cryftals of fait form on the furface till they fall, 
by their accumulating gravity, in the fpace of from 
eight to twelve hours. The principal part of the water 
is evaporated ; the fait is now taken out with wooden 
(hovels, and put into conical bafkets, called barronvs^ from 
which the liquid part may drain. The fait is then dried 
in a ftove, where it lofes about one-feventh of its weight, 
cind afl'umes the lumpy form, from which it takes its 
name. 

After the pan has been ufed for a few weeks, the bottom 
becomes coated with the precipitates above-mentioned to 
a confiderable thicknefs. Thefe require to be removed by 
mechanical means, being almoR as compa£I as Hone. It 
would be an advantage to remove this fubHance oftener. It 
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not only lolea time by protrafting the procefs, but the bot- 
tom of the pan becomes heated fo hot as foon to be dc-Hroyed 
by the adion of the air. 

I'lie common fait is made by the fame procefe, but it is not 
Hoved after draining, and the evaporation is condutbed 
more flowly, the temperature being from 160^ to 1 70^^. 

T\h‘‘ J i/hery fait is made by the fame apparatus, and from 
the fame brine, but the evaporation is Hill flower than the lall, 
the temperature being only from 100” to 1 and the pro- 
cefb laHs from feven to ten days. By this means the cry Hals 
become much larger and harder, and hence are better adapted 
for the ufe of fiflieries. All thefe varu^tjes of fait, and many 
others, have been analyfed by Dr. Ht. iiry of Mancheller ; 
an account of which has been piibliflied in the Philolophical 
Traiifadions for 1810. We fhall in the feqiicl to this ar- 
ticle give a table of the principal fadts, with other judicious 
remarks, given by this celebrated cbemiH. 

The lalt-fprings of Namptwich, in the fame county, and 
Droitwich in WorceHerfliire, are evaporated by a procefs 
fimilar to that above deferibed. The ialt which they afford 
is held in high eHimation for its great whiiencfs. 

Before we quit the fubjedl of the Chefhire fait, it will be 
proper to point out the advantage derived from fending the 
rock-falt to the fea-coaH to be mannfadUired. The fea- 
water, in which it is there diHolvcd, being faturated with 
fait, 100 tons of this brine afford 23 tons of fait; the 
fame quantity of fea-water affording 2 tons 27 cwt. which 
would require the fame quantity of fuel to evaporate it. 
See SAi.T-Brinc Springs. 

Confiderable falt-works arc carried on in Scotland, and in 
the northern counties of this country on the fea-coaH, by the 
evaporation of fea-watcr. At Lymington, in Hampfhirc, 
the fea-water is evaporated to one-lixlh of the whole by the 
aftion of the fun and a’r. 

The works in whicli the fea-water is heightened into brine 
are called fun-works, or out -works. Thefe are conHrudled 
on a flat down or oozy beach : within a mole, which is raifed, 
if nccelfary, to keep out thefea, tliere is a large refervoir, or 
feeding pond, communicating with the fea by a tliiice, and 
adjoining to this refervoir a long trench, parallel to which 
there are fcveral fquarc ponds, called brine-pots, nine or 
fometimes twelve placed in a row, and parallel to this two 
other rows of the fame kind ; beyond the third row there 
is a row of larger ponds, three in number, called fun-pans, 
with each of which three or four of the brine-pits in the third 
row communicate by narrow openings ; and thefe often com- 
municate with a larger pond, called the common fun-pan, 
from which the brine flows into large covered cillerns (made 
very tight of brick and clay) adjoining to the boiling-houfe. 
The bottoms of the ponds arc in fcveral places formed of an 
oozy mud, well trodden and laid fruoolh ; and in the brine- 
pits and fun-pans covered with fea-fand. The bottoms of 
all the pits form an inclined plane, highell at the refervoirs, 
and loweft at the common fun-pan. Tlie partitions betw'ecn 
the ponds are of mud and earth, about two feet broad, with 
little openings, by' which the pits communicate w'ith one 
another. Tne fea-water, received at full fea into the re- 
fervoir, is thence let out, as occafion requires, into the 
trench, and from the trench into the firll row of brine-pits ; 
and when they are duly filled, the openings between them 
and the trench are clofed with mud. The water, aftt r 
Handing for fome time in thefe pits, is let out into the 
fecond row ; and after a certain time, according to the de 
gree of evaporation, into the third row of pits ; thofe .of the 
nrH row being again filled ; and thus they arc filled and 
emptied altematdy. When the brine is fufficiently eva- 
porated in the thii-d row of brine-pits, it is fuffered to flow 
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into the common fun-pan, whore its weight is examined by 
glafs hydrometers ; and being found of due ftrength, it is 
drawn from thence into the cilterns, where it remains till 
they are ready for boiling it. The fca-watcr, thus earned 
through the w^hole work, is called a coiirfe of brine ; and in 
hot weather, it acquires its proper llrength in Iwciity-four 
hours ; but, if Hiowers approach, it is drawn into theciflern 
before it is broiiglit to its full ftrcnglh. In this courfe the 
falt-watcr Hands deepell; in the pits of the firll row, and is 
gradually iliallowcr in the others, till it arrives at the fun- 
pan, where it is (hallowefl, and in the common fun-pan it is 
fomewhat deeper, being about fix or feven inches deep. 
After this manner, if the feafon proves favourable, they 
make as much brine as keeps them boiling till near Chrill- 
mas ; after which they repair their pans and furnaces ; and 
prepare their Epfom fait from the bittern, and begin again 
to make brine about April. 

The next operation is performed by artificial evapora- 
tion, in boilers firnilar to thofe ufed in other falt- 
works. The pans in which they boil the fait at Lyming- 
ton are of lead, of a fqiiarc form, and finaller than thole 
ufed for boiling fca-watcr into fait. They have ufually 
four of thefc in a faltcrn, placed in a row, with a furnace to 
each of them. The chimnies are carried up by the lidc of 
the wall, which divides the boiling-houfe from tlie firc- 
lioufe ; and the fmoke is conveyed n*om each furnace into 
thcH* chiinnrs by two flues, one on each tide of the mouth 
of the furnace. To each of thefc flues is fitted a n-giller, or 
plate of iron, placed horizontally, which mny be drawn out, 
or thru It in over the flue fo as to clofo it, and prevent the 
fmoke from afeending through it ; and by means of thefe 
regifters and vent-bolcs, and doors to the moutlis of the fur- 
naces and alh-pits, they are able to regulate the tires in the 
exafteft manner, and damp them while the fait is graiiuHg, or 
fmoiher them quite out, if they find occafion. In theboil- 
ing.hoiile llicy have a chimney to convey off the vapours 
from each pan ; which is a fquarc funnel of boards. Tiicre 
is <iiily one long walk in the boiling-houfe, on the fide of the 
pans oppofite to the mouths ot tiie furnaces, and between 
this walk and the wall are placed large wooden troughs, 
with fevcral little holes ai their bottoms ; into wliich troughs 
the fait, when drawn out of the pans, is put to be drained 
from tl'ic bit tern. 

The procefs varies, in fume degree, from that ufipd m 
Chelhire. The fait is not rc/uoved from the boiler till the 
whole of the water is evaporated. It is then taken out 
all at once, and placed in troughs with holes in tlic bottom. 
A certain quantity of moill uncryilallizable matter adheres 
to this ialt, which drains through the above-mentioned 
holes into pits below. Immediately under the holes arc 
placed upright Hakes or pillars, down winch the liquid runs, 
and upon which a portion of fait cryllallizes in maffes, 
which in ten or twelve days weigh as much as 6o or 8olbs. 
Thefc mailes are called fall-cats^ and amount to , aoth of the 
whole fait manufa6f ured here. The liquid which palles into 
the pit is of a very fharp bitter taHe, and is called bittern- 
It is referved for the winter feafon, when the falt-works are 
fufpended, and then undergoes evaporation to a certain ex- 
tent. A little more common fait is feparated, which is 
referved to add to the falt-brine. The evaporated fluid is 
placed in wooden coolers, eight feet long, five feet broad, and 
one foot deep, where it affords cryltals of Epfom fait 
(fulphate of magiiefia). The remaining liquid is drained off 
from the cryHals, and runs away. This is called Angle Ep- 
fom fait, to diltinguifti it from the fame article, after a fe- 
cond folution and cryltallization, which is termed double 
Epfom fait. Four or live tons of Epfom fait are pro- 
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duecd from a quantity of fea-water which has yielded tvvfi 
of common fait and one of cat. fait. We are indebted to 
3 effay above alluded to for the* account oi 
thelc falt-works, wno had it Irom a gentleman rcAdincr at 
that^ place. ^ 

I he artificial method of piomoling the evaporation of 
fca-water, and tlu* prefcrvmg the b. me in the Knglifli fait- 
pits from beimr diluted with rain, propofed by Dr. Brown- 
rigg, is as follow^. A number of fall- pits fliould be made 
in a row in the mar(h, from ealt to wed, aud their bottoms 
lined with plailler, or fome lliong cement that will not cafily 
break up ; and by this caution, the fait may be drawn white 
and pure like the Portugal kind, not grey like the rVcncIi. 
Over each pit covers fhould be made of thin boards, or rather 
of canvas painted while, and llri‘tcheJ on frames of wood, 
and thefc fliould he fixed to Hroiig pods, eret‘‘ied on the 
north fide of the pits, and contrived to bo eafily drawn back 
to them, in the manner of drawbridges, 'riicfe covers, thus 
fixed, may be let down over the pits in tlie manner of a flied 
or pciit-lioide, in rainy weather, to keep the brine from being 
diluted with frefli water ; and in dry weather they may be 
riuled ulmofl to a perpendicular, but inclining a little to- 
wards the foiilh, fo aik to form a wall with the foutli afpcdl ; 
and thus they would Icrve fvu* a double life, being a covering 
to the pits in rauiy weather, and reflecHorvS of the finds heat 
in dry weather, relledion of fo large a body of the 

fun’s rays, in the courf* of a bright day, w'oiild greatly pro- 
mote the evaporation of the brine ; ami the hinges on which 
the rcllcdtoia turn, being placed at ten inches from the 
ground, w^hen the n lieclors lland upright, there will be a 
fpace under them, through winch the air will continually 
flow' in a bnlk current, and this will greatly promote the 
evaporation of the \Vi>ter. 

The paffages of communication between the pits mull be 
narrow and winding, and miiil bt* wholly Hopped up in wet 
weather, that no frefli water run into the brine. This chan- 
nel fliouM be covered alfo witri boards, and, at the entrance 
of the ]>its, tle re inull not be a pond, as is the cuHom in 
France, but only a narrow covered trench, running parallel 
with the fide of the pits, which is opjiofite to the reflec- 
tors ; aud the pond, whicli forms the entrance of the pits 
in the French falt-marfhes, muH in thefc be detached from 
them, and inllead of it, there muH be formed a fourth brine- 
pond, commuiue.’ting with tlie third by a long and narrow 
cliamnl. 

If lliefe contrivances fliould be reduced to pra6ticc in 
England, the fall w ill probably cryHallize much fallcr there 
than in the French marflies, and the brine may be kept as 
deep, and even deeper than in the French pits ; and a fhower 
of rain will only retard the work for the Imall time in which 
it ib falling ; whereas, in the French works, it throw -i them 
back lhn‘e or four days, as no fall can be formed till all the 
water it brought be evaporated. 

Four cilUnis may be dug adjoining to the brine-pits, to 
admit the brine in the falt-pondb, when the weather is very 
rainy ; and as to the fall- water in the refervoir, if it fliould be 
found neceffary to preferve it from rain in ciHerns, when fo 
much rain falls as to make it frcflier than fea-water, it may 
be let out, and fea-W'ater admitted in its place. And, in or- 
der to promote the evaporation, and to make the falt-water 
in the refervoir fitter to fupply the firli brine-pond with 
brine of a due Hrength, it may be proper, by means of a 
fmall fire-engine, continually to force up the falt-water in 
the refervoir, as often as occafion requires, and, by means 
of a diverger, fitted to the engine, to make it defeend again 
into the refervoir like a fhower of rain : by which means* 
the evaporation of the watery vapours will be greatly pro- 
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moted after much the fame manner as is praAil'ed at fe- 
veral of the falt-works in Germany, where the brine is very 
weak. 

Thus by augmenting the force of the fun’s heat, and of 
the air, by promoting the evaporation of the watery vapours, 
and preventing the brine from being diluted with rain, it is 
very probable that, during the fiimmer feafon, double the 
quantity of fait might be prepared at an Engli/h work with 
tnefe contrivances, that is now ufually prepared at a French 
falt-marfli of equal magnitude. 

Befides thefe methods of managing fea-water, it is certain 
that very large quantities of bay-falt might be prepared in 
England with great cafe, from the natural brine of falt- 
fprings, and from tlu? common foflilr or rock-falt of Che- 
(hire, diffolved in weak brine, or in fea-water. Upon the 
whole, the bay-falt might thus be made here at a moderate 
price, and in lufFicient quantities to fiipply both the nation 
itfclf, and all our colonies. 

Dr. Watfon, in his Chemical EfVays, vol. ii. p. 58, having 
found, by experiment, that, in a i'ummer-day of lixteen hours, 
three gallons of water may be difperfed into the air, by a 
warm fun and a bride wind, from the furfacc of a linen 
cloth, equal to one fquare yard, fuggefts a method of ma- 
nufa^uring bay-falt, by wetting and drying alternately any 
number of fquare yards of coarfe cloth : and he obferves, 
that one labourer, afiilled by proper mechanical contrivances, 
might be equal to the daily management of a thoufand yards, 
or more. By this plan in favourable weather there would 
be daily evaporated twenty -four thoufand pounds of water, 
which, fuppofmg (ea-water to contain one thirty-fecond part 
of its weight of fait, would give (even hundred and fifty 
pounds of fait. 

He adds, that thofc who have feen the artifice of (Irength- 
ening brine, which is pradifed in Franche Comt6, and other 
places, by making it drip through faggots, in order to in- 
creafe the evaporation, by iiicreaiing the furface of the water, 
which is expofed to the air, will not be furprized at this 
method of evaporating water. 

Marine fait is prepared by boiling fea-water. This fait 
is only made in countries where great quantity of fuel can 
be had at a very low price, or where the fun has not force 
enough; and is therefore made in few counties of Eng- 
land, except on thofe parts of the Britifh coaft which moft 
abound in pit-coal. This lias thence got the name of New* 
cafile fait. 

The fait -works in the north are the mod extenlive, and 
arc wholly carried on by artificial heat. 

The mod convenient works for the manuFa^ure of this 
fait are condru^ed in the following manner. The faltern is 
ercAed at fome convenient place near the ^Jtorc ; it is a long 
and low building, confiding of two parts, one called the fore- 
houfe, and the otner the pan-houfe, or boiling-houfe. The fore- 
houfe fervesto receive the fuel, and cover the workmen ; and in 
the boiling-houfe arc placed the furnace, and the pan or boiler 
in which the fait is made. And in fome places they have two 
pans, one at each end of the building, and the fuel and place 
for the workmen are in the middle. The furnace opens into 
the fore-houfe by two mouths, and from thefe is earned up 
a wall to prevent the afhes from dying to the falt-pans, and 
in this is a door of communication between the two houfes. 
The body of the furnace confids of two chambers, divided 
from one another by a brick-work, called the midfeather^ 
which from a broad bafe terminates in a high edge nigh the 
top of the furnace, and by means of (hort pillars of caft-iron 
fixed upon it, fupports the falt-pan. The psms are oblong 
and (hallow, the common meafure being fifteen feet in length, 
twelve feet in breidth, and fixteen inches in depth ; they 
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are commonly made of plates of wrought iron, joined toge- 
ther with nails, and the joints filled with a ilrong cement ; 
and the bottom of the pan is prevented from bending down, 
or changing its figure, by hooks fadened to drong iron- 
bars which are placed acrofs it. Sometimes the fides, which 
are not always covered with liquid but expofed to the air, 
are made of lead, iron being liable to be corroded. 

Between the fides of the pan and the walls of the boiling- 
houfe there runs a walk, five or fix feet broad, where the 
workmen dand to draw out the fait. The roofs are wood, 
and arc fadened with pegs of wood, nails mouldering away 
into rud in a few months. 

Not far didant from the faltern on the fea-fiiore, between 
full fea and low-water mark, they make a little pond in the 
rocks, or with ftones in the fand ; this they call a lump ; and 
from this pond they lay a pipe, through which, when the 
fea is in, the water runs into a well adjoining to the faltern, 
and by this well they pump it into troughs, by which it is 
conveyed into their fhip or cidern, in which it is dored up 
till they have occafion to ufe it. 

The cidern is built clofe to the faltern, and may be placed 
mod conveniently between the boiling-houfea on the back fide 
of the fore-houfe. It is made either of wood, brick, or 
clay, andlhould be covered with a died, that the fait- water 
in it may not be weakened by rains, and (hould be placed (o 
high that the water may conveniently run out of it into the 
pans. When the fea-water has dood in the cidern till the 
mud and fand are fettled from it, it is drawn off into the falt- 
pan ; and at the four corners of the falt-pan, where it is fiip- 
ported by the brick-work, and confcqucntly the dame does 
not touch its bottom, there are placed four fmaller leaden 
pans and fcratch-pans, which, for a falt-pan of fifteen feet, 
are ufually about a foot and a half long and a foot broad, 
and three inches deep. Thefe have a bow or circular handle 
of iron, by which they may be drawn out with a hook when 
the liquttr in the pan is boiling. 

The falt-pan being filled with fea-water, a drong fire of 
pit-coal is lighted in the furnace, and then, for a pan which 
contains about fourteen hundred gallons, the falt-boiler takes 
the whites of three or four eggs, and incorporates them all 
with two or three gallons of fea-water, which he pours into 
the falt-pan, while the water contained in it is only luke- 
warm, and mixes this with the red by dirring it about with 
a rake. In many places they ufe, in dead of eggs, the blood 
of (beep or oxen to clarify the fea-water, and in Scotland 
they do not give themfelves the trouble of clarifying it at all. 
As the water heats, and approaches boiling, there arifes a 
black frothy feum upon it, which is collc^ied into four 
fmall pans at each corner of the boiler, called “ fcratch- 
pans and a great part is alfo taken off with flat wooden 
ikimmers. This impurity is earthy matter proceeding from 
the decompofition of certain earthy falts, and is called by 
the workmen fcratch.” After this the water appears per- 
fectly clear, and by boiling it briflely aboift four hours, a pan 
loaded in the common way, that is about fifteen inches deep, 
will begin to form cryitals upon its furface. The pan is then 
filled up a fecond time with frefli fea-wator, applying the 
eggs or bullock’s blood, and the operation of ikimming as 
betore : about the time when it is half filled, the fcratch-pans 
are taken out and emptied of a white powder, feeming a 
kind of calcareous earth, which feparates itfelf from the £a- 
water during its boiling, before the fait begins to (hoot. 
When thefe have been emptied they are again put into their 
places, where they are afterwards filled again. This 
powder, being violently agitated by the boiling liquor, does 
not fubfide tiu it comes to the corners of the pan, where the 
ipotion of the mafs is fmaUer, and it there falls into thefe 
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pan$ placed on purpofe to receive it. The fecond filling of 
the pan is boiled down after clarifying in the fame manner as 
the hrft, and fo a third, and a fourth ; but in the evaporation 
of the fourth, when the cryllals begin to form themfelves, 
they flacken the fire, and only keep the liquor fimmering ; 
in this heat they keep it all the while that the fait is granu- 
lating, wdiich 18 ten or twelve hours. The granules or 
cryftaU all fall to the bottom of the pan ; and when the 
water is almoll all evaporated, and the fait lies nearly dry at 
the bottom, they rake it all, altogether, into a long heap on 
one fide of the pan, or into two heaps, one at each eml of 
the pan, where it lies a-whilc to drain from the brine, and then 
is put into barrows and carried to tlie Itore-houfe, and deli- 
^^rL■d into the cufiody of his majefty’s officers. In this 
manner the whole procefs is uliially performed in twenty-four 
hours, the fait being commonly drawm out every morning. 
This is the method in moll of our falt-w'orks, but in fomc 
they fill the pan feven times before they boil up the fait, and 
fo take it out but once in two days, or five times in a fort- 
night. In the common way of four boilings, a pan of the 
ufual fize, contaii'.iug one thoufand three hundred gallons, 
they draw from fiuccu to twenty bufhels of fait everyday, 
eacli bufhel weighing fifty-fix pounds. 

When thf fait is carried into the ftore-houfe, it is pul 
inio drahs^ w'inch are partitions, like Halls for horfes, lined 
at if lice Tides, and the bottom with boards, and having a 
flidnig-hoard on the forc-fide to draw^ up on occafion. Tlie 
arc made (helving, being highcll at the back, and 
gradually inclining forw'ard ; by this means the brine re- 
nuuiung among the fait, eafily feparates and runs from it, 
and ill ‘ fait in three or four days becomes fufficiently dry. 
In lonie places they ufe cribs and barrows, which arc long 
and come wicker b tfi<els for this purpofe, and in fome places 
wooden troughs with holes in the bottom. The faline 
liquor which remains from the making of fait, is what is 
called bittern. 

The fides of the pans in wdiich the fait is made, are foon 
crufied over with the fame fort of matter, formed into cakes 
or cruHs, that falls in pow'der into the Icratch-pans 5 this the 
workmen call “ Hone fcratch thus diftinguifiiing it from 
that fleimmed from the top, which they call “powder 
fcratch they are obliged to cleanfc the pans of .it once in 
a week or leu days, otherwife they will be burnt. In 
ll.ngland they do this with iron picks, but at Halle in Saxony 
they hav(' a much better metho-'* ; for they there takeout the 
paiut, and turning them bottom upwards, burn (Iraw under 
them, by which me.insthc matter of the cruH loofens itfelf, 
and afier this it falls oif on being ttruck with a mallet or 
hamuier. 

In Lancafltire, and fomc other parts ol England, fea-falt 
Vi made in this manner ; they pare off, in dry weather, in 
fummer, the furfacc 01 the fiats, which are covered at lull 
fea, ^ ‘.d bare when the tide h out. AVhen they have pro- 
curt d lieaps ot this they put it into troughs, and pour Ircfti 
water on it ; thid wafhes ofi tli^ fait that hung about th ■ fard, 
and is receivt d fo impregnated into vellels fet iindcrneatli the 
troughs Sv) long as this liquor JS llroiig enough to bear an 
egg, they put on more water ; when an egg finks in it llicy 
throw' the fund out of the troughs, and ptit in frcfli from 
the heaps, 'rhe water thus impregnated w ith fait they boil 
in leaden paiii, aud evaporate to a drynefs, the fait remain- 
ing behind. 

Brine or fountain fait is prepared from tlie w’ater of fait 
wells and fpr ugs. See Sai.t-^W/ic 

The .incienl mi lliods of boiling brine into f dt, in Chefiiire 
and Worct'llerfliire, are accurately di fcnbed in the T-ranf- 
a^ions of the Royal Society; and the method, formerly 
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ufed in Staffordlhire, is delivered in Dr. Plott's hidory ot 
that county ; but the method now generally ufed in England 
is tins. 

The brine being received from the well into a large cillern, 
is thence received, as occafion requires, into the falt-pan. 
Thefe pans are of the fame form with thofe ufed in tlie boil- 
ing of fca-falt, and ufually hold about eight hundred gallons ; 
in fome places thefe are made of iron, and in others of lead. 
When the brine is put into the pan, a little blood is mixed 
with it, in order to clarify it, and leaden pans are placed at 
the corners to receive tlie fcratch, or calcareous earth, that 
feparates from them in the boiling. An ounce of blood is 
fufficient for eight hundred gallons of brine. In fomc 
places they clarity tlieir brine with wliites ol eggs. As foon 
as it is boiled, it is carefully (kimmed, and attcrw'ards it is 
fuffered to boil very hrilkly for fome time, till the fait is 
granulated ; after this the (cratch is feparated, and the fire 
flackened, till the whole fall is formed. 

When they liave feparated the fcratch, and the fait is ready 
to cryff.illize, they put into the pan feveral forts of feafon- 
ing, as they call them, fuch as ale, butter, aud the like, 
which tin y fuppofe correi^'t the bad qualities of the brine, 
and make the talt of a fmaller grain. After this they boil 
it v' l y gently, and when as much lalt is formed as w'ill fill 
two or three uf their w’icker halkets, they rake it up to the 
tides of the pan, and fill it into the hatkets, placing them 
over the leach trough, that the brine may drain into it from 
the fait. Tlie fait taken out they call a “ draught** of lalt, 
and the operation, a “clearing** of the pan. 

In this manner they draw the fait, and clear tin' pan five 
or fix times during each procefs, leaving at lall only a few 
quarts of brine at the bottom of the pan. The bafkets 
into which they put the fait out of the pan are called 
alfo barrtws ; they ufually contain about a bulhel of fait, 
and are of a conic figure, open at the bafe. The whole 
procefs of working a j)an of brine ufually lalts about 
twenty-four hours. After the fait has drained an hour or 
two in the bafleets, it is removed into the hot-houfe over the 
furnace, wdicre it remains four or five hours to be thoroughly 
dried, and is then taken out of the bafkets, and laid up for 
falc. In all the Euglifii falt-works, the leach brine, which 
is what remains in the pan after the fait is cryllalhzed, and 
wliat drains from the lalt in the bafltets, is not thrown away, 
as it is in Germany, but is added to the pan next to be 
boiled. And befide the fait made in this manner, they have, 
at mod of the Enghfli falt-works, a different kind, which 
they call Jhivery fait. This is of a larger and firmer grain 
tliau that prepared in the common way, and is Uronger, 
being formed by a milder heat, and therefore more fit for 
preierving meat. When they would make this lalt, they 
fill the pans on Saturday night, and then, as they draw (uit 
no fjU on Sundays, there is a very moderate fire kept up all 
that clay, and on Monday munuiig all the fall is taken out 
at one draught, having had time to form itfelf into larger 
cry Hals than ordinary, as it is eight and forty l.ours inltead 
of four and twenty informing. 

They liave alfo another kind of lalt, made up iu form of 
fiigar-loaves, iu fmall wicker baficcts, which is ther.ee called 
haffalty or befketfali. This is tiie wliitelt, dnelt, and finclk 
grained of any (alt, and is therefore greatly efieemed at 
table. In preparing this fait tin y ufe lome refin and other 
additions, to break the grain and render it very fnuiil ; others 
alfo, to this purpofe, boil it tlie more hriikly, and (lir it 
brifivly all the while. But in Cliclhire, where tlv‘ beft 
balket-falt is made, they ufe no particular procefs ..bout it, 
but only take the fecond and third draughts of evjry pan, 
which always are the purell fait ; and they do not fuffer 
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thete to lie fo long in the pan, as when they make fait of a 
larger grain, but take it out before it can form large cryftala ; 
by this means they have it of a fine fmall grain, and they 
then prels it hard duwii into the wicker baiketa, and when 
dried in the ftovc, they let it remain in the bafleets for 
falc. 

Not long fince, Mr. Lowndes publilhcd a method of 
greatly improving the Englifli brinc-falt, fo as to make it at 
lead <“C|ual to the Frencli bay-falt. 

The method is this. Let a brinc-pan, containing about 
eight hundred gallons of liquor, be filled with brine to 
within an inch to the top ; then make and light the fire, and, 
when the brine is jiill luke-warm, put in either an ounce of 
blood from the butchers, or the whites of two eggs. Let 
the pan boil with all polfible violence, and as thefeum rifes 
take it off. When the frefli or watery part is pretty well de- 
creafrd, throw irjto the pan the third part ol a pint of new 
ale, or the fame quantity of the grounds of any malt liquor. 
Wlien the brine begins to grain, add to it the quantity of a 
fmall nut of frelh butter, and when the liquor has flood half 
an hour longer, draw out the fait. By this time the fire 
will be greatly abated, and fo will the heat of the liquor ; 
let no more fuel be thrown on the lire, but let the brine 
gently cool, till a perfon can jnll bear to put his hand into 
It ; keep it in that degree of heat as nearly as poflible, and 
when it has worketl for fomc time, and is beginning to grain, 
throw in the quantity of a fmall nutmeg of frelh butter, and 
about two minutes after that fcatter throughout the pan, as 
equally as may be, an ounce and three quarters of common 
alum, pulverized very line ; then inllantly, with the common 
iron ferape-pan, llir the brine very brifkly in every part of 
the pan for about a minute ; then let the pan fettle, and 
conftantly feed the lire, fo that the brine may never be quite 
fcalding hot, yet always a great deal more than luke-warm ; 
let the pan Hand working thus for about three days and 
nights, and then draw it, or take out the fait. The brine 
remaining will, by this time, be fo cold, that it will not 
work at all, therefore frelh coals mull be thrown upon the 
fire, and the brine mull boil for about half an hour, but not 
near fo violently as before the firll driwing ; then, with the 
ufual inllrument, take out fuch fait as is beginning to fall, 
and put it apart ; then let the pan fettle and cool. When 
the brine becomes no hotter than one can juft put one’s hand 
into it, proceed as before, and let the quantity of alum not 
exceed an ounce and a quarter, and about eight and forty 
hours after draw the pan, and take out all the fait. 
Lowndes’s Brine Salt improved. 

This is Mr. Lowndes's procefs ; except that he after- 
wards direds cinders to be chiefly ufed in preparing the 
fires, the better to preferve an equal heat, and by that 
means alfo he propofes faving a confiderable cx pence, 
ali'erting that at prefeiit cinders arc fo little valued in Chelhire, 
as to be thrown out into the highways, Mr. Lowndes adds, 
that in a pan of tlie 11 zc before-mentioned, there may be 
prepared, at each procefs, fixtcen hundred pounds weigl.l of 
iult from the bell brine in Chelhire, and one thoufand and 
fixty-fix pounds from the ordinary brine of that country. 
This, as the procefs continues five days, is a little more than 
five bufliels and a half of fait a day from the bell brine, and 
a little more than four bulhcls a day from the ordinary kind. 

The fait •boilers, and particularly thofe that prepare brine- 
lalt, have long been accuftomed to make ufe of various fub- 
iiances, which they call additions or feafonings, and mix 
them with the brine while it is boiling ; either when they firll 
obferve the fait begin to form, or elfe afterwards during the 
time of granulation. The intention of thefc additions is to 
make the fait grain better, or more quickly form into 
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cryftals, to make it of a fmall fine grain, to make it of a 
large firm and hard grain, and lefs apt to imbibe the moifture 
of the air, to render it more pure, and to make it ftrongcr 
and fitter for preferving provifions. 

The additions commonly ufed for thefe purpofes are wheat- 
flour and refill, in order to give the fait a fmall grain ; butter 
and tallow, to make the brine cryllallize more readily ; new 
ale, ftale beer, bottoms or lees of ale and beer, wine lees, 
and alum. Wine lees, new ale, Hale ale, and the lees of ale 
and beer, are now generally rejedied by the marine falt-boilers; 
except in the weft of England, where the briners, who ufe 
them, affirm that they raife a large grain, and make their 
fait more hard and firm, and fome fay that they make it 
cryllallize more readily. 

Hoffman prefers the llrongell ale ; and Plot alTures us 
that it makes the fait of a larger or fmaller ^rain according 
to the degree of its llalenefB. Hr. Brownrigg apprehends 
that the only good effedls which fermented liquors can have, 
as an addition, are owing to their acid fpirit, which may 
corredl the alkaline falts of the brine, and thus render the 
common fait more dry and hard, and lefs apt to dilfolve in 
mo ill air. For correCling the alkaline quality of the brine, 
if any additions are thought neccllary, he recommends llalc 
ale or Rhenilli wine ; or perhaps malt vinegar would anfwer 
the fame purpofe. Alum and butter were long ufed in 
Chelliire, but the ufe of the former has been difeontinued. 
Mr. Lowndes introduced it, with a view of corrcdliiig the 
flakynefs and fortnefs of brinc-falt ; but Dr. Brownrigg is 
of opinion, that alum cannot anfwer thele purpofes, and that 
it is not nccelfary ; for, he lays, that the grains of common 
fait will always be fufficiently hard, and of their natural 
figure, large lize, and undehquiable, if formed by a gentle 
heat and perfectly free from heterogeneous mixtures ; and he 
imagines, tliat the goodnefs of Mr. Lownde‘'’s fall is not 
owing to the alum, but to the gentle heat ufed in the pre- 
paration of it. The addition recommended by the Dutch 
will appear in the feqiicl of this article. 

We may obferve that bay-falt and boiled fait have 
refj)eftive ilifFerent qualities, according as they are prepared 
at different places ; and there are two general caufes of this 
diverfity ; one refpei^ls the manner of preparing the fait, the 
other refpeds the quality of the water from which the fait is 
prepared. When lea- water or brine is boiled into fall, a por- 
tion of the acid, which is one of its conllituent parts, is dif- 
perfed *, and a greater or lefs portion is difperfed, according 
as the fait has been formed with a greater or lefs degree of 
heat. We have an inftance of this, both in bay-falt compared 
with boiled fait, and in the different forts of the latter, when 
compared with each other. 

Bay-falt, which is prepared from fea-vvater, by the mild 
Iieal of the fun, is generally cllceraed much ftrongcr than the 
white fait, which is prepared likewife from fea-water, by 
boiling the water. Hence this fait is not only weaker, but 
more difpoled to dcliquiate in the air ; both which imper- 
fei'lions are faid to be corrcfled by a fmall addition of frefh 
acid, when the fait begin to conerete. Hence alfo diftilled 
fea-water is manifellly impregnated with acid, fo as to be 
uniil for drinking, or for the common purpofes of life ; 
unlcfs a little chalk, vegetable aihes, or Other like fub- 
ftanccs, be added in the dill illation, to abforb and keep down 
the acid extricated by heat; by which means the diftilled 
fluid proves p'Tfc^lly fwcet. 

White fait is prepared by boiling either the natural brine 
of fea-water, or lalt-ponds and fprings, whence are obtained 
the marine fait aad brine fait, or the ftrongcr brine produced 
by artificial means, via. by previous evaporation, or folution 
of foifile fait, or the impregnation of oommon fait drawn 
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from earths, fands, or ftones. Of this fait two very dif- 
ferent kinds are required ; the one for the ufc of the table, 
and the other as a condiment for provifions. Its whitenefs, 
drynefs, and the fmallnefs of its grains, are the properties 
which chiefly recommend the firft kind, and its lirength and 
purity the latter. 

Dr. Brownrigg has propofed a method of improving the 
preparation of both kinds, founded on the following prm- 
ciples; wat. i. That in the common procefles for making 
white fait, the fait is deprived of a confidcrablc part of its 
acid fpirit, by the violent boiling ufed in its preparation ; 
whence it is rendered lefs fit for preferving fifli, flefti, and 
other provifions, than it would be if prepared with a more 
gentle heat. 2. That moil kinds of white fait are rendered 
impure by the mixture of various heterogeneous fub fiances, 
which render it lefs proper for preferving provifions than it 
would be if feparated from them. 

In order to obtain a fait of this kind, free from all im- 
purities, and in no refpedt weakened by a diflip ation of its 
acid fpirit, let tlie fca- water (if that be ufed) be heightened 
into a flrong brine by tlie fun, after the method pradifed in 
Hampfliire, and other parts of England, or in a falt-marfli 
coriftrudcd after the French manner. 

For this purpofe, a faltcrn mull be eroded adjoining to 
the falt-marfti, and a large boiler, or fait -pan, made of iron, 
placed in it. The bottom of the pan may be of a fquare 
figure, forty feet on each fide, and its depth may be eighteen 
inches ; or it may be made of a cylindrical form, forty feet 
in diameter, and eighteen inches deep, like thofe ufed in 
Holland. The furnace over which the pan is eroded may 
have four mouths, made on the oppofite fides at equal dil- 
tances, for the convenience of receiving fuel. The fire may 
be made on a hearth ; and within the furnace mull be ereded 
proper pillars of brick, or mid-feathers ; and, if necelTary, 
llroiig polls and crofs bars of iron, to fupport the bottom 
of tlie lalt-pan. There mull be alio four funnels, for con- 
veying away the fmoke, at equal dillances, between the 
inoutiis of the furnace. If the pan be fquare, the funnels 
may be carried up at its four corners, and the mouths may 
be under the middle of its four fides. To the mouths mult 
be fitted dole doors, and the funnels mull be furniflied with 
regillers, for regulating the fire. When this apparatus is 
provided, let the falt-paii be filled with 11 rung brine, dravi'ii 
from the cillern, and well cleared from its muddy fediment. 
Then kindle a fire, and mix ? fiifficient quantity of whites 
of eggs with the brine, in order to clarify it ; let the brine 
boil gently at lirll, and let it be well Ikimmcd. When this 
is done, diniinifli the fire, and apply a moderate heat, fuf- 
ficient to keep the brine of a feahiiug heat. 

When the fait begins to grain, rake out the fcratch, 
which will be found at the bottom of the pan. When the 
brine is tiins fully depurated, in order to corred its alkaline 
quality, a proper quantity of four whey may be added to 
il ; the brine being kept of a fcaldiiig heat, while the fait 
is graining or forming into cryftals ; and when moll of it is 
,'ryfialliz« d, and lies in the pan almoll dry on its furface, 
th^ lire mult be damped by Ihuttmg the doors of the furnace 
and regifiers ; and the fait mult be drawn from the liquor 
TO the fides of the pan, and put into drabs, or proper vellels, 
till the bitter liquor is drained from it, and then it will be tit 
to be ufed in the fecond procefa of refining. 

In this way may be prepared a lea-falt llronger, and of a 
.inich firmer end larger gvain, than any kind of common 
white fait made by the ordinary methods ; and alfo a fait 
xor the table, b»"tler in quality and cheaper than that pre- 
pared by the common inethoOb. However, it is neceflary 
ro •bferve, that th-* fair wldch required of a fair grain. 
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fhould be cpranulated with quicker fires, and drawn out of 
the pan before it hath lain long enough to form itfcif into 
large cryflals, fo that it may be taken out at five or fix 
draughts during the procefs. The fecond or third draughts 
will be the bell fait, being moll free from fcratch, and the 
falts of the bittern. After the fame manner, a good kind 
of white fait may be extradled from natural brine, and 
like wife from a folution of rock -fait in weak brine or fca- 
water. 

In the fecond procefs of refining, a fuflxeient quantity of 
the white fait, prepared as above direded, Ihould be put 
into a large cillcrn, made of wood, or bricks and clay ; and 
to this fliould be added as much pure river-water as will be 
fufficient to reduce it to ftrong brine, almoll fully faturated 
with fait ; when the fait is diflolvcd, and the brine has re- 
mained unmoved, a feum will arife which mud be taken off, 
and a* fediment will fall to the bottom. Let the clear brine 
be drawn out of the cillcrn into a falt-pan, fuch as has al- 
ready been deferibed in tiie firll procefs, well cleanfed from 
bittern ; let a fire be kindled in the furnace, and the heat 
be fo gentle, that the watery part of tlie brine may be 
flowly evaporated without any of the falinc fpirit ; for this 
purpofe the heat fliould be regular, and lefs tlian the heat of 
boiling water ; but the degree which fait can endure without 
any diflipation of its acid Ipirit, is bell known by experience, 
and may be adjulled by the regillers, &c. When the evapo- 
ration is fo far advanced, that little faliiie cry Hals begin to 
appear on the furface of the brine, then may be added to il 
a fuffirient quantity of the acid muriatic Ipirit Hn the propor- 
tion of about one, two, or three drops of tne fpirit to a 
gallon of the bnne), fo that neither the acid, nor the alka- 
line jirinciple of the fait, may be predominant. When this 
is done, the evaporation mult be continued until the furface 
of the fait in the pan is almoll dry. The doors of the fur- 
iiace and regillers mull then be clofcd, and the fire fnio- 
ihered out, and the fait, which will be found in large clear 
crydlals, mull be raked to the fides of the pan, and having 
drained there a little while, be taken out, and put in proper 
vcflels to drain farther from the fuperfluoiis brine, and it will 
be then fit for fale,* 

The llrong brine which remains in the pan after the re- 
fined fait is drawn out, and the brine that drains from it, 
ought not to be mixed with the folution intended to be 
made into refined fait, but wdl ferve to mix with the brine, 
to be boiled up in the firll procefs into common white lalt. 
See on the fubjedl of this article Brownrigg^s Art of mak- 
ing Common Salt, 8vo. 1748, j^aliiin. 

Foreign fait, which has undelervcdly been held in great 
cllimation in this country, is formed from fca-watcr, in hot 
countries where the natural heat is fufficient to evaporate 
the water from the fait. The fea is let into pits or bafins 
made on purpofe, and lined with clay, to prevent the water 
from finking into the earth. When ouo quantity is evapo- 
rated more water is let in, till the brine becomes faturated. 

Tiic white fait of Normandy is not made by refining the 
bay-falt, but has this colour naturally when taken out of 
the pits. To make it they gather a muddy faud on tlie flats 
of tne fliore, whicli the riling tide has covered and impreg- 
nated with its waters for feven or eight days. This fund 
being removed into pits for the purpofe, difchargcs itfelf 
by degrees of all its water, which filtrates through fomc 
Itraw, with which the opening of the pit is filled, and trickles 
into vellels fcl on purpofe to receive it. Of this water it is 
that they make their fait. 

Their furnaces are of earth, and their boilers of lead ; 
each furnace boils four leads. When the water with which 
they have filled the leads begins to boil, they take off the 
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fcumi which arifes in abundance ; and in proportion as it 
diminifhes, throw in frcHi water, which they continue to 
flcim, as before. When it thickens, they keep it continually 
ftirring, with a crooked (tick or ladle ; and when the grain 
is termed, ihL7 take it off the fire to purify it. 

The piirirying is performed by letting it ftand in large 
ofier bafl<Hs ; where it drains iifelf of certain humidities that 
remained. When dry it is laid in heaps, and thence is car- 
tied into the magazines. 

The commerce of fait has brought an immenfe profit to 
France, though more to the king than to the makers and 
fellers ; on account of the heavy duty, wliich ufed to be 
onc-fourtli part of the price the fait was fold at. The Eng- 
liHi and Dutch, and (when they arc at war with France) the 
Swedes and Danes, have taken off mofl of the fait of the 
Comte Nantois ; paying for it, communihus autiisy from 20 
to 35 livres the load. That of Guerande has been preferred, 
by the Englifh and Irifh, to all the reft, as the beft. Yet 
that of Borneuf, though browner, and heavier, is moft ufed 
in France, as alfo throughout the Baltic ; particularly in 
Poland, where, befides the ordinary ufes, it lervcs in tilling 
the ground ; being found to warm it, and prevent little ver- 
min from gnawing the grain. 

The Englifh and Dutch have often ftriven hard, in times 
of war, to do without the French fait ; and to that end 
have endeavoured to take fait from the Spaniards and Portu- 
guefe ; but there is a difagreeable fliarpncfs and ferofity na- 
tural to this fait, which renders it very unfit for the faking 
of fiefh, fifh, &c. To remove this, they boil it with fea- 
watcr, and a little French fait, which they procure by means 
of neutral nations, which not only foftens it, but increafes 
its quantity by one-third. But it fhould feem their refining 
docs not fuccced to their wifh, by the eagernefs with which 
they return to the fait of Bretagne, &c. as foon as any treaty 
has opened the commerce. Sec SAhT-MatJhes. 

In the fouth of France thefe works are carried to a great 
extent. The land generally deftined for this purpofe is flat, 
having a clayey foil, and not liable to inundations. It is fur- 
rounded by a wall or bank, having inlets next to the fea, 
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capable of being opened and ihut at pleafure. The land 
thus allotted is divided into fields or compartments, of from 
fifty to one Imndred acres. When the evaporation is fo far 
advanced that the fait begins to be depofited, it is pumped 
up on a platform elevated above the fields, for the purpofe 
of giving free accefs of air, by which the remaining water 
is evaporated. As the water evaporates more brine is 
pumped up, till the fait is formed into a cruii of about 
three inches in thicknefs. This platform is divided into 
many compartments, connected with each other by a com* 
mon gutter. When the fait has become hard it is broken 
into pieces, and laid up in heaps, fheltered from the rain. It 
will be obvious, from what has been obferved of the Eng- 
lifli fait extradlcd from fea-water, that this incrufted mats 
mud contain a certain portion of thofe earthy falts which 
coiiiHtutc the bittern. This bitter fluid drains from the in- 
cruded heaps for a long time, and the fait made in this way 
is not deemed perfcftly good till it has been expofed for 
three years. In fome places thefe drainings are colle6Ied 
for the purpofe of procuring fulphate of magnefia, and 
other preparations containing magnefia. When fait is not 
freed from thefe deliquefeent falts, it is apt to become moid 
in the air, and has a difagreeable bitter tade. 

This fait is called bay-faltf and a prejudice has prevailed 
in its favour in mod countries, as poflefling more valuable 
properties in preferving animal food. The valuable eflay 
by Dr. Henry, to whiA we have before referred, deferves 
the greated praife, inafmuch as it clearly proves that the 
foreign fait, fo far from being fuperior to the Chefhire fait, 
is very inferior to it in thofe points on which its preferving 
quality depends. This prejudice has made us dependent 
upon France, Spain, and Portugal, for an article which we 
mi^t with as good reafon export. 

The following table is the refult of Dr. Henry's analy- 
fis, which was conduced with great fkill, and with his ufual 
accuracy. It may be obferved here, that it is the opinion 
of feveral chemids, that fait, and the bittern in which it is 
formed, contain fulphate of foda. From Dr. Henry's ex- 
periments this appears to be a midake. 



The three firft fpecimens are of the foreign or bay-falt. 
In the column marxed total quantity of impurities, it will 
be feen that they are not by any means fo pure as the four 
lad, which are the Cheihire falts. A large portion of their 
impurities, it will be feen by the fecond column, is infoluble 


matter, which is principally clay, derived from the platform 
on which it was evaporated, which is formed of wood, and 
pbudered with clay to make it water-tight. The'fulpluite of 
lime is doubtlefs an ingredient of the fea-water. Perhaps 
the circumftance of the heaps of fait being left fo long to 
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drain out tkeir deliquefcent falls, may account for their con- 
taining fo fmall a quantity of the muriates of lime and mag- 
nefia, and fulphate of magnefia. 

Dr. Henry gives another reafon for the deliciency of the 
latter fubftances in bay-falt. The evaporation being very 
flow, the cryftals are much larger than thole prodticed by 
artificial heat alone, which is the cafe with the Bririfh fpeci- 
mens obtained from fea-watcr : and fmee the deliquek'ent 
falts can cxill only upon the fiirfuce of tlie crylUds, it will 
be evident tliat the quantity contaiued in any fait, will be as 
the furface expofed, which will be as the number of cryllals 
in a given mafs, and inverfely as their fr/e. 

This very clearly fhews why the bay-fall is lefs conta- 
minated with the deliquefeent falts. The reafon why bay- 
falt contains more fulphate of lime tl>an the Britdh, will be 
explained from the pains taken to rcmov(' tlie matter which 
is feparated while evaporating. The fulphate of lime, being 
fparingly foluble, is feparated in clearing the pan ; and forms 
aJfo a part of the incruftation at the bottom of the pan, 
called ^cratch in the falt-works in the North, and ban feale in 
Chefliire. The Scotch common fait, for rcalons above 
given, contains a large proportion of the deliquefeent falls, 
and of fulphate of magnefia. The evaporation is carried on 
rapidly ; in confcquencc of wiiich the cryllals are linall, 
which gives a greater furfacc for the moill lalt to adhere to. 

'rh;j Sunday fait is fo called, from the fire being let out 
from Saturday night till Monday morning. The evapo- 
ration, by this means, is flower, and the cryllals larger, and 
in confcquencc prefents a lefs furfacc for the retention of 
the liquid impurities. 

The Lymington common fait contaiub nearly the fame 
quantity of impurities with the Scotch common. But the 
quantity of fulphate of magnelia much cxceedii the muriates. 
The quantity of impurities in the two varieties depends 
upon the fliTularity of tlicir cryllals, w'ith refpedl to furface, 
the quality of each depending upon the fea-water from 
which it is obtained. 

The cat-fiilt, of the formation of which we have before 
fpoken, is formed by a very flow cTyltallizatioii ; hence its 
cryllals arc large and fmooth on the furfacc ; and hence, 
as will be fecn in the table, it is the moll pure of all the 
varieties. 

In the four lalt, wliich are the Cheflure falts, it will be 
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Inafmuch at the fmallnefs of the cry flab is favourable 
to the concealment of the loluble impurjtirs, it is alfo the 
caufeofthis fait not being fo well fitted for lairing provifions 
which require merely to be itratificd with the Valt. The 
fluids which proceed from the animal matter t- nd to diflblve 
the lalt, and the hdut.on will go on more llowly as the 
cryllals arc larger ; becaufe the furface is lefs. By this 
means the fait is more completely iuliiiuated, and in con- 
fequence n\ore elfcdive. I'Vorn this reafoning Dr. Henry 
concludes, that fait in large grams or cryflab is bell fitted 
for the llralifying mode of I ailing, and fmall lalt better 
adapted for making brine or pickle, in wliich the lubllancc 
is mimergcd. 

This view of the fuhjefl may fuggelt feme reafon why a 
preference has been given to the foreign bay-falt. For, 
although it is not fo pure as the Chemire common fait ; 
)et, from the flow way in which it is evaporated, the cryllals 
are larger, and in confequcnce poflels the advantage above 
Rated. The large-grained hfliery-falt, however, is certainly 
fuperior to tlu: bay-lalt for the llratifying method of falting. 
Indeed, its name lecms to have arilcn out of its own cele- 
Vmty ; and it is no uncommon pra(t:tice for this fait to be 
fold aa bay-falt. In all falt-works tliefe hints may be 
turned to fomc account, particularly in tiie manufadlure 
of filliery-falt. By a more protruded evaporation, the 
cryllals will be larger, which has two advantages in that 
made from lea-water: — the fait will contain lefs of the 
foluble impurities, winch are the' muri.ites of lime and m*ig- 
ncfia, and fulphate of rnagiiefla ; and it will be as wdl 
fitted for all purpofes as the foreign fdt, the importation 
of which is a national evil, and a difgrace to thofij who 
prefer it to our own large-grained lalt. 

Salt upon Saify a kind of common fait prepared by the 
Dutcli, or great ufe in prefrrving herrings and other filh, 
and to which they ])nncipally owe their advantages in 
the herring-trade. TIk' Dutth prepare lw*o kinds of re- 
lined fait, one of a fmall grain, intended for the life of the 
tabic, and callerl butter fait. They export large quantities 
of thill to lln* couuiries upon the Rhine, .irul into other 
pans of Gt rinany. TIh' other kind is a very llroiig and 
pure fait, and is of the hirgt il grain of any boiled fait now 
made : this lit It they call ihe St. Ubes's or Ijfbon fait, 
from its refcmblance to the pure bay-l.ili made in thole 


feen that the impurities djfTcr much from tlujfe obtained 
from fea-w'ater. 

The crulhed rock-falt, exclufive of its infuluble matter, 
would be nearly pure. This impurity is, doubtlefs, fimilar 
to that feparated in cleaning the pan, njt% carbonate of 
lime and oxyd of iron. The remainder is fulphate of lime, 
a fubftance generally exifting plentifully in the fame ttratum 
which contains the rock-falt. The other fpecimens have little 
iiifoluble matter, the impurity conlilling chiefly of fulphate 
of lime, which becomes precipitated with the crylblsof the 
fait as the evaporation goes on. Dr. Henry, with his ufual 
fagacity, conjeaured that the fulphate of lime would be the 
moft abundant in the fait wliich firft falls to the bottom, 
and the leafl in the laft portions. This he found to be the 

5u1phnte 
t>f Lime. 

The common fait, drawn out two hours f o ^ 1 
after the heat was applied - ' J I 2 1 r 

Salt drawn four hours after - 
Salt drawn fix hours after • -LS"* J 3? 

He alfo properly obferves, at the fame time, that the im- 
purities derivea from the foluble falts will be the leaft in the 
Sr ft fait which falls down, and the greateft in the laft. 


The fait which tiny rt fine is .tltogrth<’r marine bay- 
falt, and they rhiefly have it from France and Spain ; but 
they find, by expi riLUce, that any one kind or bay-lalt 
docs not anfvver tlnur pnrpuics lo \v»*]l as two or more 
kinds; they ihcr -fore freijucntly mix three parts of Cadiz 
fait with one part of that of Sowllon, winch is of great 
ftreiigth, but very dirty, and of a gn- n colour, and does 
not colt above half tlie price of the SpaniDi lult : fur dif- 
folving the bay-falt they ufe fea-water, which they bring 
in lighters to Dort and Rotterdam from below' the Brill 
or Hclvoet ; out v>f ihefe lighters it is craned into cellars, 
and ia thus impregnated with bay-lalt to a certain degree 
of ftreiigth, which they determine by hydrometers made 
for that purpofe. After the heavy drols of the fait is fub- 
fided at the bottom of the cellar, the clear brine is pumped 
up into the falt-pan through a mat, which retains the light 
feum, ftraws, or other impurities, which floated on the lur- 
face of it. Thefe falt-pans are of iron, of a round figure, 
and commonly forty feet in diameter, and eighteen inches 
deep. Theic pans arc placed over a hearth-furnace, and 
the only fuel they ufe in boiling the fait is dry turf. The 
fire is kept up fo high, tliat the liquor boils brilkly all the 
time, and if any feum arifes, they carefully take it off, but 
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ihey ufc no clarifying n\ixtnros. A little bef<»re the fait 
begins to granulate, they add to the pan a lump of butter, 
of the bignefs of a walnut, and half i pint of four whey, 
which has flood at leall half a year. Tliis acid whey, called 
unites itfelf with the uncombiued fixed alkali contained 
in the fait, and thus pr;.‘vents il from adhering to the common 
fait as it cry(lalli'/cs. Any other mtld acid might probably 
anfwer the fame purpofe. When tlicfe tilings are perfeftly 
mixed in by a good ilirring, they fhut the doors and win- 
dows of the hoiife, that no air may blow in cold, and the 
houfe is kept thus hot all the time that the fait is forming. 
This method is not new or peculiar to tlu* Dutch works, 
for Agricola deferibes an apparatus of boards to keep the 
cold air out of tlie falt-pan all the time that the fall is form- 
ing ; and the Germans ufe it, in many places, at tliis time. 

U IS out of tfiis fame brine, and by the fame procefs, that 
they make the table-falt and the ftrong fait ; only towards 
the end of the procefs they make tliis difference; il the 
pan is to be wrought into table-falt, the brine is kept gently 
fimmcring during the whole operation, and all is finifhed in 
twenty Tour hours ; but if it be to be made into a Arong 
fait, they flacken the lire to fucb a degree, that the oper«tion 
takes up three days. In both cafes they let the fait remain 
in the pan till the whole is finifhed ; they then rake it out 
with wooden rakes, and after it has drained a-while in 
wooden drabs, it is fit for ufe. The mother brine, of which 
there always remains a large quantity in the pan alter the 
lirong fait is made, as alfo the drainings of tlic drabs where 
the fait is put, is rclcrved to be boiled up into table-falt ; 
but the mother-brine of table-falt becomes more fliarp and 
bitter after every procefs, and is finally thrown away. 

The principal ufes to %vhich fait is applied, are as a feafon- 
ing in our food, in the making of butter and clieefe, the 
curing of hams, bacon, and fim, and the prcfcrvalion of 
animal and other fubflanccs. For the firft of thefe purpofe*; 
it feems almoll an iiidifpen fable iiccefTary, fo infipid would be 
mofl kinds of food without it. It is remarked, with fome 
truth, that its flavour is agreeable to moll other animals as 
well as man. There are places in America where the 
fea occafionally overflows, which, on the water evapo- 
rating, leaves the fait. Thcfc places are called licks, and 
arc the refort of vaft crowds of different quadrupeds, 
whofe obje6\ is to lick the ground for the fake of the fait. 
It is faid that hay, fprinkled vvitli fait, is eaten by cattle 
with greater avidity. Salt has been laid to be injurious to 
health when taken in more than common quauiity. It 
would, however, be difficult to mark out any inconvenience 
in thofc who take more than is generally taken. Each 
perfon acquires the habit of a certain dofc in his food, 
above or below which he would feel great inconvenieiire in 
taking it. Some countries far removed from the fea, and 
having no fupply from the mineral fait, are obliged to ex- 
tract It from the aihes of certain vegetables. In fome places 
it is fo valued from its fcarcity, as to become a fubllitiite for 
coin. In fome of the northern countries, where fuel is 
fcarce, the fea- water is let into ditches lined with clay, and 
the water, on freezing, concentrates the lull in the remain- 
ing fluid, which, being faturated, requires lefs evaporation. 
The life of fait in preferving food is found to have fome 
difadvantages. Although it preferves the food, it ulti- 
mately changes its nature, and deftroys its nutritious qua- 
lities. We nave linking inllances of thefe effe£ls in the 
fea-feurvy, which is not produced by the lalt in the meat, 
but from its being deprived of its nutritive qualities and 
rendered indigeltible. Pickles or vats made with fugar, 
nitre, and a little fait, are faid to preferve meat better, 
without injuring its quality. 
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Sir Humphrey Davy fu ppofes that the power of fait in 
prefiTving animal and vegetable fublV.mces is owing to its 
attradion for water, liy wliich the decompofirig .^dion ol 
that fluid ir. pri'vcnted, a4 well as to its powerof excluding air. 
And Dr. Holland, who feems to iiave attended much to the 
fubjed, thinks, that although the different lorts of this’ fub- 
ffance differ little in their nature or purity in confequence of 
the manner in which they are made, it may readily be con- 
ceived, that their difference in form, as w*ell as compadnefs, 
may lit them for very various applications in thefe intentions, 
clpccially in the prefervation of animal flefli and provifions. 
But in every cafe, the more pure the fait is, and the more 
free from any admixture of foreign alkaline or earthy faline 
matter, the more cffedual it will be for the purpofe it is 
de/jgned. Tims it is fuppofed by the writer juft mentioned, 
that for table ufe, the faking of butter, and various do- 
mellic purpoles, a preference fhould be given to the finer 
kind of fait, or that wliich is prepared by a boiling heat ; 
as the fmallnefs of its grain fits it in a better manner for 
all fuch applications. It is alfo better for the making and 
preferving of cheefe ; and in that procefs, as well as in the 
making and preferving of butter, it is particularly proper, 
in confequence of its blending, incorporating, and uniting 
itfelf in fo equal and intimate a manner with the different 
fubilances. It may likewife be the moll proper for pre-* 
Icrving different kinds of vegetable fubftanccs on the fame 
account. 

For the like rcafon of the imallnefs of its grain or par- 
ticles, as well as from its confequent readinefs of folution, 
the fame fort of fait may, it is faid, be well, or perhaps 
the bell adapted of any for making the pickle for Jinking 
the meat, which, wnth the rubbing it well on and into the 
fubftance, for which fuch a flate of its parts admirably fits 
it, is the primary proceeding in the preferving of animal 
flefh, and the firft part of the procefs in the curing of fifh 
in the fiflicries, or in other ways and intentions. 

But it is contended, that for the purpofe of packing fi/h 
and provifions of the meat kind, it is by no means fo pro- 
per, or fo w'cll fitted and efficacious, at the common or 
largc-graincd lifliery-falt ; for, as might be expefted, it is 
found, wlu n applied to this purpofe, not to preferve them 
in an equally effectual manner from taking on or running 
into the ftate of putrcfadlion. This, however, is dated to 
arife, not from any w^ant of purity in the fait, or from any 
admixture of earthy falls or other matters with it; but 
from the fmallnefs of its grain or particles, and its want 
of hardnefs and compaftneh, originating from the circum- 
llance of its containing a larger proportion of the water of 
cryftallization than the larger grained fait. Therefore, in 
confequence of its being fo ready of folution, the whole of 
it is formed into brine ; wliich, it is thought, by being 
forced out from betwixt the layers of flefli or fifh, by the 
prefl’urc of thefe on each other, the different portions of 
animal matter are allowed to come into clofc contact, with- 
out having any fait interpofed. “Whereas, on the contrary, 
when the fait of a larger grain is employed, a confiderable 
part of it continues long undiffolved ; feparating the dif- 
ferent layers or portions of meat ; admitting in fome de- 
gree the brine to flow and infinuatc itfelf betwixt them ; 
and furnifliing a conftant new fupply of faturated brine, 
from the gradual folution of the fait in the fluids exuding 
from the animal matter, to every part of the packed pro- 
vifions or other matters. 

And it is further fuggefted, tliat the action or operation 
of bay-falt in the fame intention, is exadly fimilar to that 
of the large-grained fait ; and that neither the one nor 
the other womd feem to have any fuperiority or advantage 
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over the fine fait prepared by a boiling heat, except in fo 
far as the fize and compa^inefs of its cryftals are con> 
cerned ; and in containing a fomewhat fmaller proportion of 
the water of crvftallization. And that, as the large-grained 
fifhery-falt, which is prepared by a low degree of heat 
from natural brine,' i§, it is thought, more than equal to the 
bay-falt in thefe important points ; there can be no doubt, 
whatever prejudices to the contrary may have cxifted, or 
have been formed on the matter, that it at leaft equals the 
latter in its power of preferving animal flefh, or provifions, 
and perhaps other fubAances. 

As experience, however, has much more weight than 
any theory or opinion on fuch a fubjeft as the prefent, the 
writer has had recourfe to it in fupport of his reafoning on 
the matter. Tliis fort of experience is had, it is faid, on 
an extenfive fcalc, at the vi£tualling-office near Deptford, 
at which, it is ftated, the large-grained fait manufa6tured 
in this country from natural falt-brine fprings, has for 
feveral years been the only fait ufed for packing provifions, 
aftci th'.y have been firlt failed or cured with common fait, 
or that which is prepared by a heat of one hundred and 
eighty degrees. And it is afl'erted, that though thefe pro- 
vifions have been afterwards carried to the hottell climates, 
the ftrengrh and purity of the fait employed in preferving 
them have never been called in quettion. They have kept 
perfectly well, and it has never been doubted that the fait 
ufi d tliere, was in every rcfpedl equal to the St. Ubes' fall ; 
or to any other lalt prepared from fca-watcr, by the natural 
heat of the fun. It is remarked, that what is fold in the 
metro])oli8 as bay -fait, is almoft wholly the large-grained 
fait of home manufadure from natural brine-fprings or 
others of the fame quality. 

However, (Irongly rooted prejudices in favour of bay-falt 
in the prefervation of meat and fifh Hill cxiil in Ireland, 
Scotland, and perhaps in fome parts of this country, which 
cannot be removed, except by fomc change in the duties 
of the foreign or imported fait, and that which is made in 
this country, by which the latter may be fold at a much 
lower rate than the fonner. And iuch a regulation would 
feem dcfirable, as large fums are now annually paid for bay- 
falt, which might be faved to the country without any dif- 
advantage. 

The Hate and form of fait, as the confequence of the 
method of preparing it, are therefore conilantly to be con- 
fidered in the rural and other pra6lices of curing meat and 
other fubftances. See SALT-i5Wnr Springs, 

It has been fuggefted by the firli of the above writers, 
that where animal or vegetable food is to be preferved on a 
large fcale, he is difpofed to believe that it may be in fome 
meafurc effe6ied by forcibly throwing a quantity of car- 
bonic acid, hydrogen, or azote, into the velfcl, by means 
of a coxnpreffing pump, fimilar to that contrived for making 
artificial Seltzer water. In this way any diange in the 
fubttances would, it is thought, be more cffeaually pre- 
vented. And no elaftic fluid would, in fuch cafes, have 
room to form by the dccompofition of fuch matters ; Iw- 
fides, the tightnefs and ftrength of the veffel would be 
proved by the procefs. That as no putrefaftion or fermen- 
tation can go on without the produaion of elaftic * 
prcITure would probably aa vnth as much effea as cold in 
preferving thefe forts of provifions. 

With regard to alimentary fait in general, we may ob- 
ferve, that though it appears to us under various forms, it 
is immediately diftinguilhed by applying it to the tongue, 
and its always afluming the fame figures after a regular 
cryftallization. Its cryftals are cubes, feveral of which 
unite together into the form of hollow truncated pyraimds. 
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Common fait dilfolvcs in water, and cold water difTolve? 
nearly the fame quantity as hot boiling water, nor does it 
concrete again in the cold, like the other neutral falts, as 
long as the evaporation of the fluid is prevented ; but 
writers are not agreed about the proportion of fait diflolveJ 
in water. Some fay, that it dilTolves in lefs than thrice 
its weight of boiling water ; others fay, that it requires 
3fth times its own quantity of water ; and others again fay, 
that four parts of water to one of fait are required for a 
perfe£t folution, Thefe differt'nces may be cafily accounted 
for by the different falts that may have bivn ufed. Boer- 
haavc is of opinion, that 1 6 ounces of water will not dif- 
folvc quite five ounces of rock-falt ; Spiclniann, with whom 
Neumann agrees, thinks that they will difiolve 6’d ounces; 
Eller fays, that feven ounces of foflilc fait may be diliblved 
in i6 ounces of water ; and Hoflmann afliircs us, that i6 
ounces of water will not difiolve above fix ounces ot com- 
mon fait. Dr. Watfon’s experiments confirm that of Hoff- 
mann ; for he obferves, that he never could difiolve quite 
fix ounces of rock-falt in i6 ounces of water. The fca- 
water in different parts of the world is very differently 
fated with lalt ; that of fomc parts containing twice as 
much as others. The fea- water which furrounda the coalU 
of Great Britain, is faid to hold fcldom more than one- 
thirtieth, or lefs than one-fiftieth part of common fait. 
When water is impregnated with any l^alt, as much as it 
can bear, it will Itill difiolve a quantity of another fait, 
whole particles arc of different figures, proper lo infinuatc 
into the remaining vacuities of the water : thus, after com- 
mon fait will no longer difiolve in it, alum will ; and after 
alum, faltpctre ; then fal ammoniac, &c. 

Although common fait is very cryltallizablc, and exaAly 
neutral, it very readily becomes moift when expofed to 

humid air, and mull, therefore, be kept in dry places. 

This fait contracts an union with common fait with a cal- 
careous balls, and, confcqwently, all the fait obtained cither 
from fea-water, or fait fountains, contains a certain quan- 
tity of this fait with earthy bafes, the white earth of which 
will precipitate by adding fixed alkali to a folution of 

common ^It in pure water. In order to obtain a very 

pure common fait, it is neceffary to difiolve it in water, 
filtrate it, and add a folution of cry Hals of fbda, or marine 
alkali, till no more white cloud is formed by the addition f 
then filtrate the liquor again, and evaporate it. 

The cryftals of common fait, expofed to the fire, crackle 
and burft, and thus form the fai decrepitatumy foon after 
melt, and when cool, fix in form of a white and almoft 
opaque mafs. This fait is abfolutcly unalterable by fire, even 
when it has been heated ttrongly together with inflammable 
matters ; a property which reSlts from the flight diCpofition 
which its acid has to combine with phlogifton, as the ex- 
periments of Meffrs. Duhamel and Margraaf have demon- 
ftrated. However, though it be fixed in the fire to a cer- 
tain degree, yet when it is expofed to a violent fire with 
free accefs of air, it exliales in vapours, and attaches itfclf 
in white flowers to bodies Icfa hot than itfelf. Chemifts 
know no other acid but vitriolic and nitrous acids, and 
fedative fait, which can decompofe common fait by difen- 
gaging its acid. 

Common fait is of all faline fubftances the moft neceflary 
and ufeful. Its acid and alkali are employed in many che- 
mical operations in the arts ; it is an important ingredient 
in the fufion of glafs (fee Glass), which it whitens and 
purifies ; it facilitates tV fufion and precipitation of the 
metallic parts of minerals in affays, and perfedily covers 
them ; and its peculiar ufe in preferving meats, 5tc. feafoned 
with it, or fteeped in folutions of it, and in improving the 
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taflc of aliments, is univerfally known, and has been already 
mentioned. In the application of fait to this important 
purpofe, it retards and prevents the putrefa£^ion of almoil 
all our aliments, without producing any fuch change 
upon them, even when prefervcd a long time, as to render 
them altogetluT unfit for nourirtiment. And though falted 
animal foods are generally accounted one of the principal 
caufes of the fcurvy at fea, this is owing not to the faltitfelf 
being pn judicial, but to its being incapable of preferving 
the animal fubjefts, for a length of time, in a pcrfedfly un- 
corrupted Hate. Pure fea-ialt, and fea-water, are rather 
falubrious llian hurtful, botii in the truv fcurvy^ (which fee,) 
and in impurities of llie blood and humours in general. 

Hoflmann oblervrs, that an ounce of the fait, diflblvcd 
in a proper quantity of water, occafions commonly fix 
llools or more, without unealincfs ; that this fait checks 
the operation of emetics, and carries them off by flool ; 
that in gl) (lers it is more effedtual, though ufed only in the 
quantity of a draclirn, than any of the purgatives ; and that 
where other glyllcrs fail of opening the belly, a folution of 
common fait produces efteef. 

AVith regard to the antifeptic property of common fait. 
It is proved by tlie experiments of fir John Pringle, Dr. 
Macbride, and M. Gardane, in his Eflay towards a Hiitory 
of Putrefaftion, that, though when mixed witli animal fub- 
llances in a large proportion, it preferves them from putre- 
fadlion, yet when a fmall quantity of it is employed, it 
oonfidcrably accelerates putrefadion. Whence it appears, 
that fmall quantities of common fait, fuch as are taken 
with food, facilitate digeftion, which is a kind of in- 
cipient putrefadion, and ferve at the fame time as a 
nnld Ifimulus to the ftomach itfclf ; and, therefore, com- 
mon fait is not only agreeable and ufeful, but alfo falu- 
tary, at kafl to all conllitutions in which the digeftion 
is too remote from putrefadtion, as in thofc which are 
properly called crudities ; though different temperaments 
may diffei* much in this refpcA. Common- fait is ob- 
ferved to differ from other faline fubftances, in occafioning 
drought, and tending, not to cool, but rather to heat the 
body. I.ewis's Mat. Med. and Macquer’s Didt. Chem. 
Eng. ed. art. Common Salt. 

Salt, Common^ Lci^jus relating to. By Geo. HI. c. 89. 
the management of the fait duties is transferred to the com- 
miflioners oi excife; and by 43 Geo. II 1 . c. 69. 45 Geo. III. 
c. 14. and 47 Geo. III. fell. 2. c. 30. foveral duties are im- 
pofed upon it ; and by the lall ad the additional duties 
charged by that and the preceding are charged upon Glauber 
and E})fom falts. And 65 pounds weight avoirdupois of 
rock-falt (liall he deemed a bufhel, and 56 pounds of every 
other kind of fait. (38 Geo. III. c. 39. f. 4. 45 Geo. III. 
c. 14. f. 4.) The ad 47 Geo. HI. fell. 2. c. 30. recites the 
provifious previoufly made for impofiug duties on fall as fol- 
lows : By 43 Geo. HI. c. Cc). a duty of loj. is impofed for 
every bufliel of fait and rock-falt made at any falt-work or 
taken out of any mine in England, and a duty of 4^. for 
every buOud of the fame in Scotland ; ai'd by 45 Geo. HI. 
c. 14, an additional duty of 5^. for every buffifl (.as above) in 
England for home confumplion, and is. in the fame manner in 
Scotland. By the former ad an allowance is direded to be 
made of lOJ. for every bufhel of fait of Englifli manufadure, 
ufed by any bleacher of linen or cotton in England, in the 
making of oxygenated muriatic acid for this purpofe, and 
fo in proportion for any greater or lefs quantity, deduding 
at the rate of ^\pcr ctni. in confequence of the increafe in 
the weight of the fait by the moifture of the air, and an al- 
lowance of 4J. for every bufbcl of fait ufed for the fame 
purpofe in Scotland, with a fimilar dodti6tion : and by the 


SALT 

47 Geo. III. feff. 2. c. 30. a farther allowance on fait ufed 
by bleachers in making oxygenated muriatic acid, out of the 
duties impofed by 45 Geo. Ill, c. 14, of 5X. for every bufhel 
of fait of Englifh manufadure, confiimcd in England, and 
with the dcdudlion above Hated, and is. on every bufhel 
confumed in Scotland for the fame purpofe, and fuhjed to the 
fame dedudion. 

The ad 43 Geo. HI. c. 69. impofes a duty of 13/. 4^/. 
for every buihtl of fait imported into Great Britain, not 
being Irifh fait imported diredlly from Ireland ; fo*- every 
ton of rock-falt, which fliall be exported to parts beyond 
the fcas, other than Ireland, id. ; for every buihel of fait 01 
rock-falt brought from Scotland into England, with a certi- 
ficate that the duty of 4^. has been paid, 6s. ; and for every 
buftiel of fait employed m curing and falting fifh, exported 
from Scotland to England, 6s. ; and for every cvvt. of failed 
beef or pork, or bacon, brought by land from Scotland to 
England, 2s. 6d. The faid adt allows drawbacks of loj. 
for every bufhel of fait made in England, rock-fak excepted, 
for wdiicli all the duticR have been paid^ and duly exported ; 
of 41. for every bufhel of fait made in Scotland, fimilarly 
circuinllaiK-cd ; and of los. for every bufhel of Glauber or 
Epiom falts. By 4^ Geo. HI. c. 14. an additional duty 
of 6s. 8f/. 1.^ impofed cm every bufliel of fait imjiortcd into 
Great Britain (not being Irifli fait imported diredlly from 
Ireland) ; for every bufliel of Irifli fait or Irifh rock-falt, or 
Irifh Glauber or Epfom fait, imported into Great Britain, 
an additional duty of 5/. ; and by the fame adl the following 
drawbacks arc allowed, viz. fur every bufliel of Englifli 
fait (rock-falt excepted) duly exported, 5/.; and for every 
bufliel of Glauber or Eploin fait, made in Great Britain, 
duly exported, for which the duties liave been paid, yj. ; 
and for every bufhel of fait made in Scotland (rock-falt ex- 
cepted) in the fame circumftances, 2x. 

But the duty impofed by this adt fliall not extend to any 
foreign or BritilTi fait delivered or received for the folc pur- 
pofe of curing or preferving fifli. By 47 Geo. HI. feff. 2. 
c. 30. 6d. of the duty of 2s. 6d. prr cwt. (under 43 Geo. III. 
c. 69.) on faked beef or pork, or bacon, brought by land 
from Scotland to England, fliall ceafe. 

Commiflioners may compound for the duty with the 
refiners of rock-falt, and alfo for tlic duty on mineral 
alkali or flux for glaE. (45 Ge©. HI. c. 14. f. 7.) The 
importer of foreign fait lhall pay the duty upon entry, 
and before landing, under the penalty of forfeiture of 
the faid fait, and all veficls, horfes, carriages, 6cc. em- 
ployed in removing, laiidiiig, or conveying the fame, which 
may be feized by' any officer of cxcife or cuftoms ; and 
every perfon employed, or to whofe houfe the fait fliall 
come after having been unfliippcd, knowing the fame, fliall 
forfeit treble its value : f. 8. If any fait be imported without 
entry and payineiiL of the duty, within 20 day's, fuch fait 
fliall be forfeited, and may be feized ; f. q. Provided never- 
thelefs, that fuch foreign fait, not Icfs tlian yobufliels, upon 
entry and before paynnrnt of the duty, may belauded in pre- 
ience of an officer, weighed and warehoufed upon bond 
being given in double the amount of the duty, to pay and 
clear off the duty when fold, if within 12 months, and if 
not fold within that time, then at the end of fuch J 2 months; 
f. 10. Tlie warehoufes are to be fccured under the joint 
locks of the officer and proprietor ; ndr (hall any fait be 
put into or taken out of fuch warehoufe in left quantity 
than 50 bufhels, at one time, and after proper notice of 12 
hours, and with the attendance of an officer: f. 11. No 
foreign fait fliall be imported in any veflcl of left burden 
than 40 tons, except for the ufe of the fcamen, not exceed- 
ing 5lb8. for each man, upon pain of forfeiting fuch fait and 
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veflely f. 13. No fait fhall be imported from Ireland* 
Guernfcy, Jerley, Sark, Alderney or Man, except for the 
ufe of feamen, not exceediag 2lbs. for each man, and is 
liable to forfeiture with tlie vcflels, and may he feized ; but 
fifhing vell’ek, having a due quantity of fait, received from 
entered warehoiifes, or other veffels employed in filhing, are 
exempted: f. 14. By 45 Geo. III. c. 14. f. 19. no lidt 
(hall be imported from Ireland into Great Britain in any 
(hip of lefs burden than 100 tons, under penalty of the for-^ 
feiture of fait, velTel, &c. : and by f. 10 and 1 1, if any perfoti 
(hall put on board any velTel in Ireland more than in the 
proportion of albs, of fait for each perfon employed in the 
(hip, without notice and bond, he (hall forfeit all fuch fait, 
and lOoA By f, 14. no rock-falt (hall be refined, or made 
into white fait, at any place in Great Britain beyond the dif- 
tance of ten miles from the falt-mine or fult-pit from which 
the rock-falt has been taken ; except at fuch worka as have 
been duly entered for the purpofe one year previous to the 
palling of this : and places for making fait in England arc 
to be entered, on pain of forfeiting 100/., tlic fait, and articles 
ufed in making the fame, &c. 1. 17. By 38 Geo. III. c. 89. 
officers may enter and take an account at any time by day 
or night. Proprietors arc to provide warehoiifes and llorc 
their rock-falt in them, &c. under penalty of 100/. f. 19. 
Proprietors are to give notice of their intention to take fait 
out of the mine, under forfeiture for every offence of 20/. 
No rock-falt (hall be taken out of fuch warchoufc, hut in 
the prefence of an officer, no lefs than four bufhcls at a time, 
and between the hours of five in the morning and fcvcn in 
the evening from March 24th to the 29th of September ; and 
between feven in the morning and five in the evening from 
28th September to 28th March, in each year, under penalty 
of forfeiture of fait, &c. and 40/. for every bufliel of fuch 
fait, or 50/. at the ele&ion of the attorney -general, or per- 
fon who (hall fue: f. 2i. Makers and refiners of (alt mall 
provide fuitable warehoufes, with proper faftenings, which 
(hall be kept locked, except when the officer attends, under 
forfeiture of 50/. f. 22. Such maker (hall give fix hours' 
notice in writing before he begins to charge any pan or boiler, 
which notice mall fpecify whether lie intends to make 
larger grained, commonly called fifhery-falt, or fine-grained 
fait, under penalty of 20/. for each offence : f. 23* And 
he (hall proceed without delay, on pain of 20/. Brine may 
be added once and no mo-e : f. 24. But the whole opera- 
tion mull be finiflied before Frelh brine is put in, under 
penalty of 50/. f. 25. The fait taken from each pan is to 
be kept feparate, and within ten hours after it has been 
taken out, the maker (liall fpecify in writing to the proper 
officer the quantity made at fuch boiling ; and when the 
officer has taken account of it, all fuch fait (hall be removed 
into the maker's entered warchoufe, on pain of 20/. Half 
the fait of one boiling may be warehoufed before the whole 
is finifhed, nor is any fait to be warehoufed till an account is 
taken, under forfeiture of 20j* for every pound, or 100/. at 
the option of the attorney-general, or the perfon filing; f. 30. 
Salt may be removed to warehoufes at Liverpool or Briltol 
for the purpofe of exportation ; and bond (hall be given, 
which bond (hall be difcharged, upon leaving with the pro- 
per officer, within three months, a certificate that fuch fait 
was duly delivered and fecured at fuch warehoufe : f. 33. 
70, 71. The fait removed to export warehoufes may be im- 
mediately (hipped, without beine warehoufed, and the bond 
be difcharged: f. 72. Salt (hall not be removed out of 
warehoufes, except at (lipulated times, under penalty of 
forfeiting the fame, carnages, horfes, &c. and loc^. for 
every fuch offence ; f. 34* Salt (hall not be removed without 
a permit, under the penalty of forfeiting as before, and 


403 

40X. for every pound, or too/, at the plcafure of the attor- 
ney.general, or perfon who (hall fue : f. 35. Perfons re- 
moving fait witliout a permit (hall on corividion forfeit 50/. 
or be committed to the hou(c of corredtiou for any time not 
exceeding 12 months: f. 36. Warehoufes are lo be ap- 
proved by the officer, and repaired or altered according to 
his dircdlions ; and if fucli warehoufes be opened or entered 
by any perfon but in the prefenceof the officer, he (hall for 
every offence forfeit 20/. f. 37, 38. And if any lock or 
faliening provided by the officer at the expcnceof the pro- 
prietor be removed or broken, the delinquent (hall forfeit for 
every fuch offence tool. f. 39. And it (liall be repaired by 
the proprietor within a reafonable time, on jiain of forfeiting 
20/. f. 40, Notice is.lo be given whin it is propofed to take 
lalt out of tlic warehoufes, and the officer is to attend. The 
proprietor (liall be dil'charged from payment of duty for 
rock-falt taken out for refining, for exp«>rtati{)n, or for 
curing of fiffi : f. 41. Rock-lalt may be made into white 
fait at the appointed place, and no other, under forfeiture 
of 200/. f. 15 and 16. (45 Geo. III.c. 14. f. 14.) Per- 

mits (hall be granted upon application by a note in writing : 
f. 43. The permit (liall be returned after the time limited 
on demand, on pain of forfeiting 50/. for every offence ; 
and giving falfc permits incurs a penalty of 500/. for every 
fuch offence : (. 104. f. 132. Duties (hall be cleared off 
within a week after entry, or bond be given in double value ; 
f. 45, 46. Removing rock-falt without a permit incurs a for- 
feiture of the fame, and carriages, cattle, 6cc. and jx’rfoii.. 
concerned in lo doing incur a penalty of 500/. f. 48. Scale:* 
and weights are lo be provided by the proprietor, and 
hi* fervants arc required to affilt, on forfeiture of 100/. 
f. 50, 51. He tiiat conceals fait to evade the duty forfeits 
the fait and 50/. f. 52. Officers may feize fait found in 
veffels and carnages iufpc( 5 ted of being clandeftinely removed, 
and perfons offending (hall forfeit the fait and carriages, 5 cc. 
and 40J. for every pound weight : f, 54. The proof of pay- 
ment of duty lies on the owner, and not on the officer who 
feized the fame: f. 56. Previous notice is to be given of 
(hipping fait for exportation, and bond (hall be given in tre- 
ble the value for payment of the duty, for the due export- 
ation, and that it (liall not be rclanded in Great Britain. 
Salt for curing fifh may be imported, and muff be duly en- 
tered : f. 1 2. Before fuch fait is delivered duty free, bond in 
double the amount of the duty (liall be given that fuch fait 
fliall be delivered to the fifii curer, 3 cc. The rates at which 
fait for curing fifii ffiall be allowed arc as follow : 

For every hundred weight of cod, ling, or hake, 50 pounds 
of fait. 

For every barrel containing 32 gallons of wet cod, ling, 
or hake, 56 pounds of fait. 

For ditto 42 gallons of falmon, 36 pounds of fait. 

For ditto 32 gallons of wliite herrings, I40 pounds of 
fait. 

For every barrel containing 32 gallons of red herrings, 65 
pounds of fait. 

For ditto 32 gallons of clean (hotten red herrings, 56 
pounds of fait. 

For every lall confifting of 1000 dried red fprats, 25 
pounds of lalt. 

For every ca(k containing 50 gallons ©f pilchards or fcads, 
336 pounds of fait* 42 Geo. III. c. 93. f. 20. 

For 32 gallons of mackarel, 84 pounds of fait. 

And fo m proportion for any greater or lefs quantity. 

No fait (hall be ufed in curing pilchards or fcads more 
than twice ; and in taking account of fait only once fo ufed, 
credit (hall be given to every fi(h curer for fuch fait, as con- 
taining of pure fait in the proportion of three parts in four 
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of the whole quantity and no more ; and every officer of 
cxcifc fliall make his Lompiitation according to fuch propor- 
tion. 42 Geo. III. c. 9^. f. 21. 

And every barrel, calk, or veflel, in which filh* or 

pork, entitled to any bounty fliall be pack'^d, fliall be gauged 
according to the gallon Englifli wine mcafurc. 38 Geo. III. 
c. 89. r. 5. 

All fait imported from Scotland without a legal permit 
tellifying that ail the duties payable in Scotland have been 
paid "fliall be forfeited, together with the packages, fliips, 
boats, and other vcflels, waggons, carts, and other carriages, 
horfes and cattle cmplcwcd in removing the fame, which may 
be fei/.ed by any lucn officer ; and the perfon in whofe cuftody 
fuch fait fliall be found, or employed in removing the fame, 
fliall forfeit 50/. f. 86. 

No fait (hall be removed from Scotland to England by 
land, on pain of forfeiting the fame, together unth the 
packages, waggons, carls, carriages, horfes and cattle 
cm}doycd in removing thereof, which may be feized by any 
fuch officer ; and every perfon concerned in removing the 
fame, contrary to thedireHions of this a6t, fliall forfeit 40^^. 
for every pound weight thereof, or 100/. at the eledlion of 
the attorney-general, or perfon who (hall fue. f. 87. 

By 49 Geo. III. c. Si. falted beef, pork, or bacon, 
brought by land from Scotland to England, fliall imme- 
diately on the arrival thereof in England, be entered at the 
nearell cxcilc-oflice in England ; on pain of forfeiting the 
fame. 

Every maker of glals may take rnck-falt from any w'are- 
houfe belonging to any falt-minc, or brine or fea«water for 
making mineral alkali, or flux for glafs, upon bond being 
given that the fame fliall be fo employed ; fuch bond to be 
difeharged upon oath being made before the collc6ior that 
all fuch rock-falt, brine, or fea-water, for which the fame 
was given, was made ufe of in making fuch mineral alkali 
or flux for glafs, and for no other purpofe whatfoever. 
i. 1 1 6. 

Every perfon before he begins to make mineral alkali or 
flux for glafs, (ball make entry in writing of every work- 
houfe, warehoufe, (torchon fe, room, or other place, and 
alfo of every utenfil or veflel by him intended to be ufed 
therein, at the excife-office of the di(tri<ft. And if any fuch 
perfon (hall begin to make any mineral alkali or flux for glafs, 
without making fuch entry, he (hall forfeit 100/. together 
with the fame, and all materials proper for making the 
fame, together with the uteiifils and vcffels ufed therein, 
found in any unenterfd place, f. 1 17, 

No fuch rock-falt (hall bi- delivered out of fuch entered 
warehoufe, for the purpofe of makingmiiuTal alkali or flux 
for glafs, or (hall be afterwards delivered at fuch alkali 
works, or be depofited in any warchouic or place belonging 
thereto, but in the prefence of an officer, who (hall make an 
entry in writing, containmg the weight or quantity thereof, 
and the day when fo delivered, and the name of the maker 
of glafs to whom delivered, and for the ufe of what works, 
f. 1 19. 

In cafe the rock-falt fo brought to be ftored in any fuch 
alkali works, (hall be lefs in weight or quantity than fpceified 
in the permit, the mr.ker for whole ufe the fame was delivered 
(hall be anfwcrablc for tlie fame. f. 120. 

If any fuch maker, on whofe account fuch rock-falt (hall 
have been delivered as aforefaid, or if any other perfon (hall 
ufe the fame or any part thereof, or any acid materials to be 
produced therefrom, after being ufed in making fuch mineral 
alkali or flux for glafs as aforelaid for any other purpofe, he 
fliall forfeit 100/. f. 12 1. 

Any officer of cxcife may enter any fuch work-houfe or 
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place made ufe of by any fuch manufa6lurer of mineral 
alkali or flux for glafs, and if fuch manufadiirer (hall upon 
demand in the day time (and if in the night, in the prefence 
of a conftable or other peace officer) refufe to permit fuch 
officer to enter, he fliall forfeit 50/. f. 122. 

Provided always, that nothing herein (hall extend to im- 
pofe any duty on fuch Glauber falts as (hall be made by any 
glafs-maker in any of the procefl’es of making inineral al- 
kali or flux for glafs, and which fliall be bond Jide ex- 
pended and confumed in making fucli mineral alkali or flux 
for glafs : f. 123. See however 47 Geo. HI. fell. 2. c. 30. 
f. 2. 

And whereas fait is an elTential ingredient in making oxy- 
genated muriatic acid ufed for bleaching linen and cotton, 
and allowing a drawback on fait ufed for that purpofe would 
promote the manufaiflure thereof, it is enadted that the 
whole duties now payable on fait of Briti(h manufadlure 
fliall be drawn back for all (alt confumed m making any fuch 
oxygenated muriatic acid as aforefaid. Provided, that no 
fuch drawback (hall be granted for more or other fait than 
(hall be mixed with vitriolic acid, manganefe, and water, in 
the prcicnce of an officer, and in tlie proportion of at lead 
20 poundvS of vitriolic acid, 20 pounds of manganefe, and 
10 pounds of wat(‘r to every 56 pounds of fait. Nor fliall 
any fuch drawback be granted to any perfon not being a 
bleacher of linen or cotton, nor iiiilefs he make entry in 
writing of every work-houfe or place intended to be ufed in 
making fuch oxygc'nated muriatic acid as aforefaid at the next 
excife-office. Provided alfo, that any officer of cxcife may 
at all times, by day or night, upon requeii enter into any 
filth work-houfe or other place ufed by fuch bleacher, and 
by weighing, gaiiginsr, or otherwife, take an account of all 
fait therein, and of the (late of operation of fiich oxyge- 
nated muriatic acid. f. 89. 

By 47 Geo. III. fed*. 2. c. 30. f. i. clivers allowances 
are fiirther made on fait ufed by bleachers in making fuch 
acid, 

in all cafes where it fliall be necefl'ary to afeertain the 
value of fait, the fame (hall be taken at the higheft price at 
which the fame (hail fell for in I^ondon. f. 129. 

If any perfon fliall counterfeit or forge, or caufc to be 
done, any certificate* or debenture, witli intent to defraud 
hit. majefty, he fhall be guilty of felony, and be traufported 
for feven years, f. 131. 

If any perfon fliall obllrujfl any officer in the due execu- 
tion of his office, or fliall by force refeue, or attempt to 
refeue, any fait, vcffiel, boat, horfe, cattle, cart, or car- 
riage, he (hall for every fuch offence, for which no penalty 
is particularly provided by this aft, forfeit 200/. f. 133. 

If any perfon (hall offer or give any bribe to any fuch 
officer, in order to corrupt him in the execution of his 
office, or to connive at or conceal any fraud relating to the 
duties on fait, whether fuch propofal be accepted or not, he 
fliall forfeit 500/. f. 134. 

And all (iiics, penalties, and forfeitures hereby impofed 
relating to the duties on fait, may be fued for, recovered, 
levied, and mitigated as by the laws of cxcife, or in the 
courts of Wcflminller, and (hall be applied half to the king 
(except where otherwife expreffed), and the other half to him 
who (liall fue, f. 136. 

Provided, that nothing in this aft contained fliall extend 
to repeal or alter any aft in force relating to the duties on 
fait, immediately before the palling of this aft, except fo far 
as the fame is revoked or altered or repugnant thereto, but 
all the provifions, regulations, penalties, and forfeitures there- 
by impofed (^except as aforefaid) (hall remain in full force, 
f. 140. 
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And all powers of ii Car. f 1. c. 24. fliaU extend to this 
aA. f. 142. 

And the lord mayor and aldermen of London, and the 
juftices of the peace, at their refpeAive general felTions, may 
fet, afeertain, and publilh the price of fait to be fold or 
expofed to fale (and not intended for exportation) within 
their refpeAive counties, cities, and places, and may alter the 
fame as they may fee occafion ; and the prices fo fet or altered 
are to be obferved by every perfon felling or cxpofing fait 
for fale. And if any perfon lhall fell any fait (except for 
exportation) at any higher price, or refute to fell it at the 
price fo fixed as aforefaid, he lhall forfeit 20/. to he levied 
by diftrefs, by warrant of one jufticc ; and in default of fuL 
ficient diftrefs, fuch juftice may imprifon fuch offender until 
he (hall pay the fame, to be applied half to the king, and 
half to him who fhall fuc. f. 143. Burn's Jultice, art. 

There is a cuftom duty in the city of London, called 

granage," payable to the lord mayor, &c. for fait brought 
to the port of London, being the twentieth part. 

Salt, as manure^ and for the ufe of animals^ in jigri- 
culture^ is a fubftance which has been faid to be found 
ufeful, when applied in this way to land, and as food or 
condiment in the fupport or fattening of domeffic animals. 
In the former of thefc applications, there has been much 
difference of opinion in refpeA to its effeAs ; forae con- 
tending that it is highly beneficial ; while others think that 
it ieotlittle, if any, advantage. There are likewife others 
who have fuppofed it to be ufeful, when laid on land in 
fmall proportions, while in large ones it has an injurious 
cfFeA ; having, in the former cafe, a tendency to promote 
putrefaAion ; wliile, in the latter, it may retard it by its 
antifeptic property, as well as be capable of aAing in other 
ways, in both cafes. It has alfo been fuppofed to produce 
much benefit by the power which it pofTcffes of deftroying 
fnails, grubs, and other fimilar animals that may be in the 
ground. It is obferved by Dr. Darwin, that as it is 1 fti- 
mulus which poffeffes no nouriihment, but may excite the 
vegetable abforbent velfels into greater aAion than ufual, it 
may, in a certain quantity, increafe their growth, by their 
taking up more nourifhment in a given time, and performing 
their <^irculat ions and fccretions with greater energy. In a 
greater quantity, its ftimulus may be fo great as to aA as 
an immediate poifon on vegetables, and dellroy the motions 
of the veffels, by exhaufting their irritability. And it has 
been remarked by the Rev. Mr. Cartwright, in in able 
paper in the fourth volume of the Communications to the 
Board of Agriculture, that at prefent the ufe of fait, as a 
manure, is a fubjeA on which the public opinion is much 
divided : its advocates, reafoning from the flriking effeAs 
of falt-water on the marfhes, which are occafionally irrigated 
by the fea at fpring-tides, conclude that the fertilizing 
virtue of fuch irrigation is owing to its faline quality, with- 
out taking into confideration the quantity of animal and 
vegetable matter, which fea-water (particularly near the 
coaft, and where rivers difembogue thcmfelves) muft necef- 
farily hold in folution. But that ihofc who maintain a con- 
trary opinion, confidering fait merely as an antifcplic, fatisfy 
themfelves that it is impoflible that any thing can be friendly 
to vegetation which retards putrefaAion, a procefs indif- 
penfable in fub fiances that are to be the food of plants. 
To get over this difficulty, it has been conjeAured, nay, 
there have not been wanting thofe (and of great name too) 
who have even attempted to prove, that fait in fmall quan- 
tities accelerates, as in large quantities it is known to refift, 
putrefaAion ; a doArine to which, however, he (hall not 
willingly yield his affent, till he can be perfuaded that effeAs 
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are not, in all cafes, proportionate to their caufes. The 
operation of every caufe is, and muff , he contends, be uni- 
form; and when, to appearance, it is not fo, fome other 
caufe obtrudes itfclf, too fiibtile for our obfervation, which 
operating at tlie fame time with the primary caufe, joins in 
giving a refult, which not being able to account hor, wc 
confider as anoma'ous. He thinks, that theorifts fliould 
be at variance with ea ii other is not to be wondered at ; for 
having the wide field of imaginati .n and conjeAure before 
them to expatiate in, it is reafonabi ^ to conclude, indeed it 
is unavoidable, that fome of them muff lofe their way. 
But what ftiall we fay to the difagreement and inconfiffency 
which prevail on the fubjcA amongtt praAical farmers*? 
Nothing, indeed, can be more contraJiAory than the dif- 
ferent reports that have been made on the effeAs of fait, as 
a manure, by thofe who have even brought it to the tell of 
aAual exper ment. As there is no rcalon to qneffion thf- 
veracity of the reporters, we muff: look for the grounds ot 
their difagreement in fome juTclominating circumffancc or 
other, which at the time elcaped iheir obfervation. Indeed, 
the fuccefs or failure of an agricultural experiment depends 
fo frequently on caufes, which can neither he controlled 
nor forefeen, and fo foreign from thofe which were expedteeJ 
to operate, that it is not to be wondered at if the repetition 
of the very fame experiment gives oftentimes a diff’ereril 
refult to the inquirer. But as it is not the bufinefs of this 
paper to fupport a theory, but to detail what has been prac- 
tifed ; not to contend for an opinion, but to ftatc faAs ^ 
the few obfervations whicli may be hazarded, will be fuch 
only as arc required merely in explanation of occurrences, as 
they arife. He lhall endeavour to give, therefore, as fimple 
a relation as poffiblc of the experiments he has tried, to 
afeertain the advantages or difadvantages which may attend 
the ufe of fait as a manure, and alfo when mixed with the 
food of animals, and employed in that way. 

In regard to the firll of thefe objcAs, it is ftated tJiat the 
foil on which his trials were made was a ferruginous fand, 
brought to a due texture and confiltence by a liberal cover- 
ing of pond-mud. Of this foil, in its improved Hate, he 
means by the acceflion of pond-mud, (for having been 
ufed merely as a nurfery for raifing foreft-trees previous to 
thefe experiments, the nurfery-man had not thought it ne- 
cefl’ary to make ufe of any other manure), the fubfeqiient 
analyfig is given : 


About 400 grains gave of filiceous fand, of dif- 
ferent degrees of finenefs, about - - - 

Of finely divided matter, w*hich appeared in the 

form of clay - 

Lofs in water . . . - - 


Grains. 

280 

104 

16 


400 

The 104 grains of finely divided matter contained 1 
of carbonate of lime - - - - . j 

Of oxyd of iron 

Lofs by incineration (moff probably from vege-*) 

tabic decompofing matter) - - . ' 

Tlie remainder principally fiiex and alumine. 

And it is added, that there were no indications of either 
gypfum or phofphatc of lime. And that from this analyfis 
it will appear, he thinks, that thefe experimenta could not, 
perhaps, have been tried on a foil better adapted to give im- 
partial refuks ; for of its component parts, there it no in- 
gredient (the oxyd of iron |>offibly excepted) of fufficient 
aAivity to augment or reftrain the peculiar energies of the 
fubffancet employed in the bufinefs. 
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It is dated farther, that on the 14th of April 1804, a 
certain portion of thi^ foil was laid out in beds, one yard 
wide, and forty long. Of ihefe, twenty-five were manured 
(the fird excepted) in the following manner; 


1. 

2. 

.V 

4 * 

5 - 

6 . 

7* 

8 . 

9 * 

10. 

11. 

12. 

13- 

14. 

I?- 

16. 

*7- 

18. 

i(> 

20. 

21. 

22. 

23* 

24. 

25 - 


No manure. 

Salt, a quarter of a peck. 

Lime, one biilhcl. 

Soot, one peck. 

Wood a files, two pecks, 
Saw-dud, three bufhels. 

Malt -dud, two pecks. 

Peat, three bufliels. 

Decayed loaveji, three buOielb. 
Frelli dung, three bufliels. 
Chandlers* graves, nine pounds. 
Salt, lime. ") 

Salt, lime, fulphuric acid. 

Salt, lime, peat. 

Salt, lime, dung. 

Salt, lime, gypfum, peat. ^ 
Salt, fool. 

Salt, wood-aflies. ; 

Salt, faw-dud. ^ 

Salt, malt. dud. 

Salt, peat. 

Salt, peat, bone dud. 

Salt, decayed leaves. 

Salt, peat -allies. 

Salt, chandlers’ graves. 


.B. The quan* 
titles of each 
ingredient the 
faiTi" as when 
ufed fmgly. 


And that on the fame day the whole was planted with 
potatoes, a finglc row in t ach bed ; and that the general 
experiment might be condudfed with all polliblc accuracy, 
each bed received the fame number of fets. That on the 
14th of May, (a few days after the plants appeared above 
ground,) the whole was carefully examined, and the com- 
parative excellence of each row (as far, at lead, as could 
be judged of by appearances) was as cartd'ully rogidered. 
The belf row was decidedly N° 7, malt-dud ; after which 
they fol^"*wcd in order, as below. 

N° 1 1 . Chandlers* graves. 

16. Salt, lime, gypfum, peat, 

29 Salt, graves. 

20. Salt, malt-dud. 

9. Decayed leaves. 

4. Soot. 

2. Salt. 

I. No manure. 

5. Wood-aflies. 

8. Peat, 

13. Salt, lime, fulphuric acid. 

14. Salt, lime, peat. 

17. Salt, foot. 

18. Salt, wood-afhes. 

21. Salt, peat. 

22. Salt, peat, bone-duft. 

23. Salt, decayed leaves. 

3. Lime. 

6. Saw-dufl. 

10. Frefh dung. 

12. Salt, lime. 

15. Salt, lime, dung. 

24. Salt, pcat-afhes. 

19. Salt, faw-duil. 

Further, that on the 28th of May, fourteen days after- 
wards, the apparent vigour of the plants was in the fol- 
lowing order : 


N®7. Malt-duft. 

II. Chandlers’ graves* 

4* Soot. 

8. Peat. 

16. Salt, lime, gypfumi peat. 

17. Salt, foot. 

20. Salt, malt-duft. 

21. Salt, peat. 

23. Salt, decayed leaves. 

25. Salt, graves. 

1. No manure. 

2. Salt. 

5. Wood-afhes. 

9. Decayed leaves. 

13. Salt, lime, fulphuric acid. 

14. Salt, lime, peat. 

18. Salt, wood-afhes. 


24. 

10. 

3 - 

22. 

19. 

15* 

12. 

6 . 


lime 


Salt, peat-afhes. 

Frefh dung. 

Lime. 

Salt, peat, bone-dufl. 

Salt, faw-diifl. 

Salt, lime, dung. 

Salt, lime. 

Saw-dufl. 

And that on the 2 1 (I of S^tember, the potatoes were 
taken up, when the produce of each row was in fucceifion, 
as follows : 

Salt and foot - - produced 

Chandlers* graves 
Salt, wood-afhes 
Salt, gypfum, peat, 

Salt, lime, dung 
Salt 

Salt, graves 
Soot 

Frefh dung 
Salt, malt-dull 
Wood-afhes 
Salt, decayed leaves 
Salt, ptat-afhes 
Malt- dull 
Salt, lime, peat 
Salt, faw-dull - 
Salt, peat, bone-dufl 
Decayed leaves 
Salt, lime, fulphuric i 
Salt, peat 


N® 17. 

11. 

18. 
16. 

^ 5 * 

2. 

25. 

4 - 

10. 

20. 

5 - 

23- 

24. 

7 - 

14. 

19. 
22. 

9 * 

J3- 

21. 

12. 
8 . 
1. 
6 . 

3- 


Salt, lime 
Peat 

No manure 
Saw-dufl - 
Lime 


acid 


240 

220 

217 

201 

199 

198 

»95 

192 

192 

189 

187 

187 

185 

184 

182 

180 

178 

^75 

175 

171 

167 

*59 

*57 

*55 

150 


It is here dated as fingular, that of ten'different manures, 
molt of which are of known and acknowledged efficacy, 
fait, a manure hiiherto of ambiguous charaAer, is fuperior 
to them all, Ouc only excepted ! and that when uled in 
combination w'ith oiiu r fubltance?, it is only unfuccefsfully 
applied in union with that one, namely, chandlers’ waves, 
no other manure feemingly being injured by it. ftffibly 
its deteriorating effects oa chandlers’ graves may be owing 
to its aiuifeptic property, which rtfifts the putrefadlive 
procefs, by which animal fubllances undergo the changes 
neceflary to qualify them to become the food of plants. 
This, however, he cannot, from any appearance in the foil, 
when the plants were taken up, affert to have been the cafe. 
And the extraordinary efFe^ls of fait, when combined with 
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ioat, arc, he oblcrves, llrikingly fingular. There is no 
reafon to fuppofc thefe eflT.cts were produced by any known 
chemical agency of foot or fait on each other. Were he to 
guefs at the producing caiife, he fhould conje6lurc it to be 
that property of falinc fubitanccs, by which they aitrad 
moifture from the atmofphere : for he obferved thofe beds, 
where fait had been ufed, were vilibly juid palpably moifter 
than the reil, even for weeks after the fait had been applied ; 
and this appearance* continued till rain fell, when, of courfc, 
the dillinAion ceafed. This property of attradfing moillurc 
had greater influence, poflibly, on the foot than on any of the 
other manures ; as foot, from its acrid and dry nature, may, 
he thinks, be fuppofed to require a greater proportion of 
water to dilute it than thofe fubllances which contain water 
already. It may be proper to obferve, that on thofe beds 
where fait had been ufed, the plants were obvioufly of a 
paler green than on th** rell, though not lefs luxuriant ; a 
circumftance which he thought worth noticing, and which 
he confidered, though erroneoufly, (as appeared by the 
event,) to indicate a want of vigour, which would be felt 
in the crop. It was obfervable alfo, that where fait was 
applied, whether by itfcif or in combination, the roots were 
free from that fcabbinefs which oftentimes infedts potatoes, 
and from which none of the other beds (and there were 
in the field nearly forty more than what made part of thefe 
experiments) were altogether exempt. This circumftance 
deferves the notice of the pradlical farmer. And it is fur- 
ther noticed by the fame writer, that two fets of experi- 
ments, and with the fame proportions ()f manures, were 
tried with turnips and buck-wheat, on a foil the pooreft he 
could meet with, which produced only a dwarf heath and 
lichen, and which he had pared off. The poverty of this 
foil will appear by the following analyfis .* 

Grams. 

400 grains gave of filiccous fand - ’ - 320 

Of finely divided matter, which appeared as brown 7 

mould j 

Lofs in water ------ - 12 

400 

And that the finely divided matter loft by incineration 
nearly half its weight, which fhews it contained a great 
deal of vegetable matter. The refiduum, principally a mix- 
ture of juuminous and filice iis ^rths, coloured red by 
oxyd of iron, and containing very little calcareous matter. 
There were no indications of cither gypfum or phofphate of 
lime in it. 

On July 6, 1804, the pieces fet apart for each fet of ex- 
periments were rctpe^iively fown with turnips and buck- 
wheat. On the a6th, Noa. i, 2, 4, 5, 6, 7. 19^ 30 , 21, 
22 , 24) 25, fliewed little or no marks of vegetation. Thofe 
that remained were merely in the feed leaf. And that on 
the 16th of Aaguft, four only were alive and in rough 
leaf, namely. 

No. 1 2. Salt and lime. 

1 3. Salt, lime, and fulphuric acid. 

14. Salt, lime, peat. 

16. Salt, lime, gypfum, peat. 

And it is added, that thefe four maintained a fickly ex- 
igence till the middle of September, fliortly after which 
they all difappeared. And it is remarked, that the appear- 
ances of the turnips and huck-wheat were fo nearly uniform, 
that he has not thought it neceflary to nt iicc the trifling 
▼ariations between them, which could not have been done 
without entering into a minute detail, equally tedious and un- 
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interefting to the inquirer. It is, however, fuggefted, thai 
though no dccifive conclufion can be drawn from thefe two 
fets of experiments refpefting th^ advantages or difadvan- 
tages of fait as a manure, on fuch a foil as he has deferibed, 
becanfe other manures of acknowledged efficacy fliared the 
fame fate witli the fait, yet this iuftTcnce may, he thinks, 
be drawn from them, ( and that not an unimportant one,) 
namely, that a due texture and confiftence in the foil is as 
neceflary to tlic cxiflcncc and health of vegetables as the 
pabulum they arc luftained by ; and this appears evidently 
by the fuperiority (fuch as it was) of thoft plants where 
the manure c(»‘)tnbutcd, in any degree, to improv** that 
texture and cojin ' dice. I'his is, he contends, fully fliewn 
by an adjoining fe ld, whicli witliin thefe few years was in a 
great part in a ftalc of I'nculti' atcd nature, equally barren 
as the fpot he has hcer. fpeaking of ; it is, however, now 
brought into cultivation, and into a decent Hate of fertility, 
chiefly from it- ti xt ure having been improved by a thick 
coating of marh y clay. 

But thefe f'aMs and cxjierime nts fhewthe effe^fs of fait in 
a more favourable light as ,1 manure, than it has been hither- 
to generally confidered in ; and the intelligent writer fug- 
gefls, that if itu b ueficial prop(Tties were more pcrfe6fl) 
demonft rated, the attention of the legiflature would devife 
fome meafure, w'ithout prejudice to the revenue, by which it 
might be employed for the purpofes of hufbandry. 

There are, in a communication from 17 avics Giddy, efq. 
prcfident of the Penzance Agricultural Society, inferted in 
the twenty-feventh volume of the Annals of Agriculture, 
fome interefting experiments on tlie life of fca-falt in the 
culture of turnips detailed. They arc enabled to make ufe 
of this fubftance as a manure, from the extcnfivc pilchard- 
fifhery eft abli filed on the coaft. Salt is frequently imported, 
for curing fiOi at or 9^^/. the bufticl of eighty-four 
pounds, and what remains after it ha.s been once, or fomc- 
times twice ufed in preferving the pilchards, is ufually fold 
at about the fame price to the neighbouring farms. I'iiough 
fome animal oil is united to the fait, that which l as been the 
leall ufed is iinivcrfally preferred, and found the moft ef- 
fcAual. It is fuppofed perhaps difficult to determine whe- 
ther the whole efficacy of the fait in producing plentiful, and, 
as it would feem, certain crops of turnips, can be imputed 
to its virtues as a manure, or whether part of the cfTcft 
may not be owing to the deftru£lion of flugs. 

The Report is thus flatcd by the Rev. John Allen, and 
Mr. Sicklcr, two members of the focicty : at Michaelmas 
1790, Mr. Sicklcr entered on an eftate fo much impo- 
verifhed by the former tenant, as fcarccly to return the 
feed. 

In the fpring of 1791, Mr. Sickler prepared two acres 
for turnips, wliich had borne feven crops of oats in fuccef- 
fion. The lall crop did not produce nine buflicls on an 
acre. 

In the firft week of April the earth from the ditches was 
carried into the field, and laid in four piles ; each received 
three cart-loada of fi a-fhell fand, and five bufhcls of fait. 
The earth from another ditch, chiefly confifting of the de- 
cayed foil, which had b(Tn taken off the ground in former 
tillage, was placed in three more piles, and each of thefe 
received alfo three cart-loads of land, but no fait, on ac- 
count of the apparent richnefs of the earth. Half the field 
was manured with the four firft piles, but the three laft not 
being fiifficieiit for the other half, what remained was fown 
with lalt, at the rate of ten bufliels to an acre. 

The part of the field where fait had been ufed, cither 
mixed with earth, or alone, produced about half a crop of 
turnips, but the crop totally failed where there was iio fait. 
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hi the fpring following)’, white oats were fown, and pro- 
duced a crop of tort /-five buftiels to an acre. 

In 1792, three ac’v^, which in 1791 had borne a crop of 
wheat, not exceeding twelve buHielB on an acre, w'cre 
ploughed before Clinltmas, and brouglit into fine tilth by 
Midl’imrner following. On each acre were fown twenty 
bufliels of lalt, oKccpiing that two ridges tow'ards the mid- 
dle of the field wen purpofely left witliout any manure; 
on thefe two iklge-; the turnips totally failed, but the re- 
mainder of the fi'dd produced a plentiful crop. 

In 1793, four acres of land, completely worn out by 
fiicceflive tillage, w'ere ploughed before Chriftmas ; three 
acres were fown until ialt, at the rate of twenty-five bufhcls, 
an<i the remaining acre with eighteen hufhels, without any 
other manure : the crop was in general a good one, but vifi- 
bly bell w'hcre the greeted quantity of fait had been iifed. 
Crop i of turnips liave been raifed with equal fuccefs by the 
life of fait, fmeo that time, and in the fevere winter of 
1794 — 5, it was obferved that thefe turnips were much lefs 
injured by the froll than others fimilarly treated, and culti- 
vated in the common way. When fait is ufed m the quan- 
tity of twenty or twenty-live bufliels to an acre, the turnips 
fhould not be fowm till at lead three weeks after the fait. 
Cdover fown wdth barley after turnips raifed by the ufe of 
Halt, has never failed to produce an abundant crop of hay the 
year following. It is fuggeded in the Report, that if the 
obft'rvatiou can be depended on of turnips being lefs injured 
by frod wdicn they are manured with fait, than when they 
are cultivated in the ufual manner, it mud indicate an extra- 
ordinary degree of health and vigour in the plant ; but a fingle 
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obfervation is obvioufly mfufficient to eftablifli fuch a fad 
It i.s alfo fuggeded by Mr. Jay, after obfervirig that the na* 
ture of the foil, and perhaps the fcafon fhould be regarded, 
as that may poflibly account for certain proportions of fait 
fucceeding much better in fome in dances than in others ; — 
that a gentleman in New England, in America, has pub- 
hdied fomc fads, from which it appears that the fubjed 
merits attention. 

It IS noticed, that in June 1786, he faked one bed of hit 
onions, one bed of his carrots, and one bed of his early tur- 
nips : laying the fait under the furfacc, in the centre of the 
intervals between the rows, at fome didance from the roots, 
that the fait might have time to be diffolved and altered be- 
fore the fibrous roots fhould reach it. The carrots of the 
faked bed evidently grew much larger and better than the 
red, hut he could not perceive that the fait was at all bene- 
ficial to the onions or to the turnips. And further, that 
according to Mr. Ford's experiments in faking flax ground, 
fait leems to bt* highly beneficial to that crop. He fpreads 
the luk at the time of fowing the feed, and thinks that the 
quantity fhould he double to that of the feed ; from three 
acres or flax faked he had fifty bufhels of feed, and an ex- 
cellent crop of flax. Mr. Elliot tells us of Jive bufhels of 
fait being applied to one acre of flax, which is a much larger 
proportion, and that it had an extraordinary effeft : and sdfo 
of a crop of wheat increafed by fait. 

But the trials of Mr. Fenna in Chefhire, with this fub- 
dance as a manure in various modes of application, do not 
however appear to have been fo fuccersful, though they feem 
to have been made with much care and attention. 


On Fallow , — July i, 1797. Experiments on a fallow for wheat being once ploughed, and that before Chridmas 
lad, full of grafs and weeds, owing to the continual wet weather. 




A. 

R. 

P. 


lh$. 


Bu(h. 

IbH. 

3 

butts 

0 

2 

4 

fown with 

854 

of fait, that is, 

2 

50 per acre 

2 

ditto adjoining 

0 

1 

26 

unfown. 





3 

next ditto 

0 

2 

35 

fown with 

89 

ditto. 

2 

j ) 

2 

— ditto 

0 

1 

35 

unfown. 





3 

— ditto 

0 

2 

5 

fown with 

130 

ditto, 

4 

20 

2 

— ditto 

0 

1 

13 

unfown. 





3 

— ditto 

0 

3 

74 

fown with 

"I93 

ditto, 

7 

25 

3 

— ditto 

0 

1 

7 

unfown. 





3 

— ditto 

0 

1 

34 

fown with 

»75 

ditto, 

6 
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1 
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O^fervations * — July 12, 1797. Some few of the weeds have perifhed, bin no other evident alteration, compared with 
thofe unfowii, and none at all upon thofe fown with fmall quantities. Ploughed under between the 7th and J4th o* 
July, the weather being rather drying, but dill fhowery. 


July 12. Salt fown on the fame fallow being twice ploughed, the weatliei drung. 



A. 

R, 

P. 


lbs. 

I 

butt 0 

0 

22 

fown with 

7 ^>i 

I 

ditto 0 

0 

18 

fown with 

78 |- 

I 

ditto 0 

0 

33 

fown with 

109 


HuOi. lbs. 

of full, that is, 9 49 per acre 

ditto, 12 21 

ditto, 9 34 


ytddltional Ob/ervattons , — It is dated that fome few fnails 
perifhed by the application the day following. No other 
perceptible alteration has yet taken place. — Augud 28 ; 
has been harrowed and ploughed a third time. It is fug- 

f eded, that a man fowing from a feed-hopper, common 
ride and full hand, twice over the fame ground, will fow 
from ten to twelve bufhels per acre. 

0 £t. I, 1797. Sowed another butt in the fame fallow 
with fait, immediately before its being fown with wheat, 
and ploughed in therewith, being aker^he rate of ten 


bufliels per acre. No vifible advantage ha* been leen m rtn v 
of the above, through the winter, or at fpring, nor ain 
perceptible advantage as the crop advanced to maturity ; 
neither could the reapers, nor any other viewers, didinguifh 
the lead appearance in favour of fait compared with the butt$ 
unfaltfd. 

On Pajlurti . — ,( une 30. Sowed o <3. o r. 1 7/. of padure 
with 4 lbs. 40/. of fait (being r)'e-grafs and clover of the 
fecoiid year’s growth, foil pretty good upon marie). 

Sowed D/7. o r. 1 3 p, with fait (2 lbs. 12 oz.l being paf* 
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ture of feveral ycars^ growth, full of wild or natural clo- 
ver ; foil deeper and warmer than the former. 

July T. Sowed oa,or, 35 p, with I 7 ^ 1 bs. of fait, being 
patture of the third year’s growth ; foil open, upon fand 
productive of fern. 

December i, 1797. Sowed part of a butt with fait, 
after the rale of i 5 buflu’ls/>d'/* acre. 

December i. Sowed 8 lbs. of fait on part of a rough 
meadow, having nearly its wliole fummer’s growth of four 
grafe, which the cattle would not cat, and has been ufuallv 
burnt off at fpring. 

Ohfervat'tom^ — July 12. No evident alteration compared 

with the adjoining land, Augull 28, continues unaltered. 

In fpring 1798, not forwarder, nor any wife preferable to 
the adjoining butts of ground which were not faked. 

Some tliiltles and foine little of the fern damaged, but not 
dellroycd. The rough or four grafs being in a withered or 
deadflalc, though lowii with fine fait wiren dewy, was not 
afteCIcd thereby, neither did the cattle prefer it to the other 
not faked. 

On Moving. — July 17. Sowed 39^1b8. of fait upon 
oa. or. 14/1. a cold peaty meadow (herbage indifferent, 
intermixed with rulhes) iminediately after the hay being 
carried off, the weather dry. N.B. Eight bufhels/irr acre. 

Ohfervations* — Jvdy 25. Tiic weather broke, and much 
rain has fince followed, but no vifible alteration has yet 
taken place. — Auguft 27. This is not a fulficient quantity 
to deflruy the herbage, nor has any advantage yet ap- 
peared. Neither has the fpring nor the crop of hay-grafs 
(hewn any thing preferable to the unfalted parts adjoining. 

On Hay* — Augull 13. Scattered 3lbs. of fait in a ton 
of new hay at the time of houfiug, being a little weathered. 
This hay appeared lels mouldy, and on that account 
was better than the fame unfalted, but would not com- 
pare with the like hay which had not been weathered, and^ 
not faked. 

On Weeds and Brambles. — June 30, 1797- Applied 40/.. 
of fait to 40/. t)f weed-wifs (in Gerrard’s Hillory of Plants 
called gentftella tintUrisy dyer’s weed, or ballard broom), 
tufts, or roots, occupying a fpacc twelve inches in diameter, 
in equal quantities. The ground being wet with almoli 
continual rains for a month pall. 

Obfervaitans. — Jiilyi. Began to droop. — July 1 2. Dead. 
— Augull 28. Three of them are rotted away, and their 
place growing over with grafs * the other has its woody fub- 
llaiice yet Handing, though dead. Thefc fprang up from 
the old root* this fpring, 1798, and have continued in the 
lame flourifliing ilate as they were before the application of 
fait, July 1797. 

July I, 1797. Applied 7lb8. of fait to a number of the 
hard kind of rulh-tufts, or bogs in the paftiire. 

Obfervalions. — The cows found it the next day, and col- 
IcAed as much as they could, together with every blade of 
grafs growing ainongil the nifties. Some few of the nifties 
were bit off in confequence of tlieir fcarch ; the remainder 
did not die ; nor fuffer any apparent damage from the ap- 
plication, Augull 28. It has b»'en found, by fubfequent 
trials, that the cows take this, in the ad of licking the 
grains of fait with their tongues, and that where the grains 
have been diffolved, the herbage is not preferable, on ac- 
count of its having beeu faked. 

July 12, 1797- Ten pounds, ufed upon a poor furze, 
or gorfey bank, chiefly clay foil, being then alinoll totally 
overgrown about twelve or ftxtecn inches high ; in quantity 
About eighty fquare yards ; the weather dry. 

ObJervations.-^'^Vht cows found this, and Hole all that they 
• ould get at, together with any decent herbage with which 
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it was intermixed. Some little of the gorfe has periftied, 
but it is far from being dellroyed. 

Augull 28. The whole recovered at the return of fpring 
(1798), and fo continues. 

July 12, 1797. Ufed feveral pounds of fait upon a 
number of wced-wifs, or baftard-broom, tufts, or roots (the 
four lakcd the 30th uk. being dead) ; the weather dry. 

Ohfervations . — July 27. They are in part dellroyed. 
The cows found this, and colleded as much as they pof- 
iibly could, without eating the weed, which is very bitter. 

It is alfo obferved, that thefc retained their verdure much 
longer than thole faked in wet weather. — Augull 28, and 
not yet dellroycd, but much hurt. Thefe, like the for- 
mer, recovered in the fpring of 1798, and fo continue (July 
lygS). 

July 12, 1797. Ufed lolhs. of fait upon more rufti-tufts 
or roots in tlie pafture, a greater quantity to each. 

Ohjh'vai'tons , — The cows found it in a fliort time, and 
felcAed every grafs from amongll the rulhes, together with 
as much of the fait as they could. Some of the rulhes fiif- 
fered in the purfuit, being bitten off and thinned. — 
Augull 28. The rufti-roots are too deep to be dellroycd. 
Grafs, and otlicr lierbage near, has fuffered. Thefe, in 
1798, are not to be diftinguiftied from the others not 
faked. 

Augull 25, 1797. Ufed 61 b 8 . upon 15 fquare yards of 
ground alnioll totally overgrown with hen-gorfe (in Ger- 
rard’s Hillory of Plants called ononis Jtve refla bovhy cam- 
mock, or refl-harrow), a pernicious v/oody Ihrub infelling 
clay foils, being then in full flower, and beginning to fet its 
feed-pods ; tlie weather ftiowery. — Augull 28. The leaves 
and flowers are dying. The branches died foon after ; but 
the roots feat out frclh ones at the return of fpring, which 
itill continue. This being upwards of thirty bulhcls to 
the acre, dellroyed the intermixed grafs, wliich became 
brown and hfclefs till the approach of winter, when it 
bep;an to recover, and the whole was covered by the fpring ; 
but no better herbage than the adjoining ; nor has it any 
lime fince been preferable, July 1798. This quantity was 
not fufffeient to leave the ground quite bare. Though 
the herbage was kilh'd, it never totally difappeared. If a 
Idler quantity would have done fo, it might have been fer- 
viceablc for dcllroying the fward previous to the making 
of a lay fallow. Salt lias been ufed from fifteen to twenty 
bulhels^rr acre, upon fmall patches of nettles in deep-foiled 
pallure, which were fretted awhile ; but afterwards re- 
covered, without any vifible alteration in their growth. 

It is furtlier oblerved, that it has likcwilc been tried 
(1798) in various proportions, and at different times, upon 
a turnip fallow, without any good effedl. It was fown upon 
a weedy part of the turnips, to the amount of ten bulhcls 
per acre j after they were up in three or four rough leaves, 
thefe were fretted ; but the greatdl part of both weeds and 
turnips recovered with little variation from the other (rather 
worfe if cither). How fait vvould aft upon worms, or 
what is called the ffy, is not known, as the crops were not 
plagued with them this lall year ; probably it would have 
a good effeft ; for fait -water was tried upon worms on a 
gooleberry-bulh, without fretting the tree much, the worms 
ioon after died ; but, as this was only one inilance, perhaps 
a change of weather, or fome other caufe, might occafion 
their death. This c.xperinient is intended to be repeated 
both on turnips and on goofeberries in future. And it 
is added by the writer, that wit/j cut Jlraw fait has been 
tried, mixed and immediately given, put together and left 
to ferment, and fprinklcd with fait and watery in every 
cafe it is refufed by the cattle. 
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And that in manure, fall mixed with dunrr, in variouK 
proportions, and in different A>rls, is not difcov. rablc from 
thi‘ fame fort, fet on without fait. 

On the 3d of January, 179H, <^7lbrt. of fait were mixed 
in two fqiiare yards of tough peaty parings, cut from the 
lides and bottoms of an open peaty drain, and miid ‘ in a 
he:i}> ol that h/ *. The remainder of the (ame jjarnigs vv« re 
mailv* in another heap, and mixed up wdlh a quantity of 
horlr diinv; uf proportionate value, allowing the uilt to he 
2j. pir fquare yard. Both forts were examined by fir 
Robert S. Cotton, the begiiiniug of Aiigufl lafl, at which 
time the admixture with fait remained in a dead tough 
fiate, without any rotten or faponaceous particles in it ; th“ 
blades of graft ui the middle of the heaj), though dead, had 
not lofl tlieir colour. No weed or any vegetable had 
grown upon tfiis heap ; but the other mixed with dung 
vva>t covered with wev-ds, and on ».penuig was fouiul it.ucli re- 
duced and pulverized ; and after one good turning and 
mixing, was let upo'i the ground in good condition, in 
November lull ; the other li.u. fmee been twice turned, and 
remains in the heap unrolted at this day, March 179Q. 
From hence it may be cotu*luded, that I'alc a6ts not as a 
feptic on vegetable fubllances, but, on the contrary, pre- 
fer ves them in a dead Hale, and a6ls as a prevent at to 
putrefaction : this ivS per}iap'> more fully proved by the 
common method of preferving kidney or French beaus, 
when ripe enougli for the table, which are kept the year 
round for culinary purpofes in pots, between layers of 
dry fait. The writer alfo llates, that from the fore- 
going experiments it may be concluded, that fait may 
he of fervice to agriculture in the preparation of fallows, 
in rainy feafons unfavourable to the plough ; but in this 
cafe great quantities muH be ufed to have the defiled 
offe^l ; perhaps lofs than fifty hufliels to each acre would be 
infudicienl : tins quantity w'ould not delfroy vegetation for 
more than tw'o months, as appears from the firil experiment 
w'ith weed-wufs, where fnmething more than that quantity 
was ufed ; this quantity might dellroy the weeds, but 
wniuld not reduce it, if in a tough or foddy ftate, as ap- 
pears from the lalt experiment in manures, where the quan- 
tity ufed is equal to 240 hufliels per acre, allowing it to 
penetrate the furface ol the fallow, in an cc[ual degree, only 
three inches deep. And that perhaps it would be more bene- 
ficially iifed in fmall quantities wuthhay althetimcof houfing 
or Hacking, which, if WTathered or damp, miglit prevent 
it in fome degree from becoming mouldy, and, if green and 
in large quantities, might acf as a pn ventalive to overheat- 
ing and firing. Bn: that as an afiiHanl, or Himulr.s, to the 
vegetable lyilem, il appears, through all the foregoing expe- 
riments, to be tpiite dellitute of every ?;;ood properly, and 
iiiiworlliy ol notice as a manure in any kind of procefs. 
And that luch is the t^pinion of feveral of the nciglibouriiig 
farmers who have viewed the difier.mt applications, and 
who have, witlnniL exception, concuried in the report 
wliich is here made. 

ft is, however, advifed by Dr. Darwun, that, becaule fait, 
w hen made ule of as a manure, has a tendency to induce dit- 
cale by its exceffive llimulant power, It fiiould be employed a 
little before tlie time that the plant would aeejuire that part 
of its growth w’hich is wanted. But tiiongh this may be 
done in the garden, it cannot be well extended to the field. 

NotwitliHaiuling thefe rciults, otlier trials made in the 
fame difiriA, as well as in others, lead to diflerent con- 
chifions. It was found, 111 o?ie attempt, on four ruihy land 
after draining, by Ipreading’ on one part in the autumn re- 
fufe fait, at the rate of eight hufliels to the acre, and on an- 
other part lixteen biifhels to the fame extent \ that in a 
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flnirt time the vegetation wholly difappeared, not a blade 
of glafs being to be fee n during tlie early part of the fuc- 
ceediiig fpring, but towards ine end of May a moil flouriih- 
ing crop of rich gra<8 appeared on the eight-bufliel por- 
tion. After the middle of fummer, the other portion too 
produced a crop Hill Hronger ; the cattle w’cre remarkably 
fiind of it, and during the whole enfuing w'inter, and to this 
time, which i^- ten or twelve years lince, the hind has retained, 
and Hill exlubits, a fnperior verdure to the n ighbouring 
clofes. In another trial, in a meadow, the afier-grafs of 
which was of fo courfc and rank a nature as tobercrufed by 
the cattle, on fait being laid upon one part of it, they have 
ever iince preferred tlie grafs growing on that part to evei*y 
other, and eaten up every blade. It has alio, it is faid- 
gond efl'eds in mixture or compoH with other coarle mauiires, 
producing lirong crops of barley and hay-grals. On fome 
foul ialt being laid ujion a court pavement to deftroy the 
grow'th of graily matters, llifuigh 111 the firH fummer after- 
wards not any" thing appeared, in that which fnoceeded it 
thf' vegetation was greatly more abundant than before the 
fait was ufed. It has equally beneficial effeds, it is faid, 
on fallow' land : by ufing it at the time of breaking up the 
Lind, Its Hrong laline properties dellroy vegrtation and all 
noxious infedv ; and mixing intimately wutli the mould 
before the grain is put in, it Hroiigly fupports and infures 
the heft crops. 

In (jther exporim^jits, when employed in compoft with 
earth, in compurifon with lime in mixture with the 
fame earth, on fuch being laid on dift'erent ]>arts of the 
fame field, that part which had the lime compoH vege- 
tated Hrongly, but bore no fort of comparilon to the 
health and vigour of grow'tli in the crop of that w’hich 
had the fall compoH. The latter is Hill capable of being 
markid out and irai'cd by the Hronger growth <*f grafs on 
it, notwitiiHandmg the lime that has fmee <‘lupfed. 

In ufing it pretty llnckly, without being mixed with the 
earth on a portion of land^ the expeded beiu fit w'as no! 
only not received, hut the vegetation Wiis dcHroycd, and 
the ground left almoH bare, which \vas attributed to the 
maniHT of application, as being unfavourable and improper- 

The water of lalt-brine ipriiigs, where they break out and 
fpread upon the IniTaee, is however Hated to have the efled 
of dellroying all vegetal ion for the f])ace of feveral yards 
about them in particular cafes; while in the natural ap- 
])lication on the rnarHi-Iaiids, it appears to produce effeds 
fomcwhal of a (’ontrary kind; as where the falt-w'aler of 
the lea overflows them, the vegetation is by no means 
d‘'fieieiit in vigour. 

I’lie dilfirence in the efled of fait, apjdied as a manure, 
is attempted to be accounted for by the writer of the cor- 
reded Chrflnre Agrieultiiral Report, by referring it prin- 
cipally to t\v<) caufes ; namely, a variation in the manner 
and d<-irree of its application, and a difference in the nature 
of the foils or lands on which the trials with it have been 
made. The firH of tlie'e caufes mull, it is thouglit, have 
a great iiiflueiiee on its adion upon vegetable matter as that 
of a HiinuliN, ai d eoniequently that its eflrc<Hs muH be 
greatly vaneil by the proportion applied. Wlieu em- 
ployed in a large quantity, il may, hk' every other exceffive 
ilimulus, tend to dilorganize and deflr.iy the vegetable 
fubllances with wdueh it comes into eonrad. When ufed 
in a fmall'T proportion, or in mixture as a compoH, it may 
be regarded, by the moderaie Him Hus it gives to the adion 
of the vcH'cls in the plains, as a promoter of vegetatioH, 
and, of courfe, as a valuable manure. The writer is aware 
that this is not perfedly confornvablc to the opinion of 
fome, but In- ihink* it the moll confiHent w’ith the general 
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analog of nature, as well as with particular experiments 
on the fiibje£t. In fallows it would feem that it might 
be beneficial in large quantity, by the deftruftion of all 
iifelefs ve^tablc and animal matter ; which, at the fame 
time, would be fo much reduced and fpent by the time the 
feed was put into the ground, as to fit it for producing that 
degree of ttimulus, wliich is mod adapted to healtiiy vege- 
tation. The differences of the nature of foils muft ob- 
vioufly produce great variety in the refults of the different 
trials which are made to afeertain its particular nature. 

Sir Humphrey Davy, in his Agricultural Chemiftry,’^ 
Teems, however, to think it probable that common fait adls 
as a manure, by entering into the compofitions of the 
plants fomewhat in the fame manner as gypfum, plujfphate 
of lime, and alkalies. See thefe licads. Saline Munurcy 
and Sulphate of lAme, 

And that as it has been dated, from good authority, that 
fait, in fmall quantities, promotes the decompofition of 
animal and vegetable matter ; that ci. ciimdance may alfo 
render it ufeful m certain foils and kinds of land. Common 
fait is likewife ofl'enfive to infevih. In fhort, that in (mall 
quantities, it is fometimes beneficial in the int'n tion of 
manure, he thinks, is now fully proved ; and that it pro- 
bable that its efficacy may depend upon many combined 
caufes. The reafoningr. agaiidl the ufe rd' it lu’ged by 
fome, on the grounds, that when applied in large propor- 
tions it either does no good, or renders the land llcrih*, are 
confidered as very unfair and improper ; as the circum- 
ilance that fait in large proportions rendered land barren, 
was well known long before any records of agricultural 
fcience exided, from the feite of a city having been dated 
in the Scriptures to have been fown with fait, that the 
ground might for ever remain unproductive. And that 
though Virgil reprobated a fait foil ; and Pliny, who ad- 
vifed it for cattle, affirmed, that when difperfed over land 
it caufed it to be barren, thefe arc not by any means 
reafons againd the proper ufe of it. The refiife fait of the 
fiffieries of Cornwall have been feen above, and long known 
to be an excellent manure, but they contain, as well as the 
fait, feme oil and exuviae derived from the animals. 

Upon the whole, it is thought not unlikely, that the 
fame caufes may influence the cne6ts of fait, as thofe which 
have a power in modifying the action of fulphate of lime, 
as already noticed. 

Mod lands in this country, . fpecially thofe near the Tea, 
It is fiippofcd, probably contain a fufficient quantity of fait 
already for all the purpofes of vegetation ; and that in 
fuch cafes the fupply of it to the foil will not only be ufe- 
lefs, but may be prejud cial. It is noticed, that in great 
dorms the fpray of the fea has been carried more than fifty 
miles from the Ihore ; fo that from this fource lalt mull 
often be fupplied to the foil. Salt has alio been found 
m all the fand-done rocks that the above writer has 
examined, and it rnud, it is faid, exill in the foil, or the 
mould that is derived and formed from them. It is a con- 
dituent, likewife, of almod every kind of animal and vege- 
table manure, therefore it mud prevail very confiderably. 

Salt has been employed upon falloWvS, in fome cafes, with 
good effedls, and the refufo of it would probably be found 
beneficial in many circumdances of land, if it was allowed 
to be taken from works of this nature, free of duty, and which 
would not unfrequently be a material convenience to the 
proprietors. 

Many additional fa6ls, experiments, and obfervations will, 
.however, probably be neceilary, in order fully to afeertain 
the nature and utility of fait as a manure. 

Ufe of Salt for domejlic yf/uW/.-- And it is conceived by 
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Dr. Anderfon, that there is no fubftance yet known which 
is fo much reliflied by the whole order of graminivorous 
animals, as common fait. The wild creatures of the defart 
are fo fond of it, that wherever they difeover a bank of earth 
impregnated with a fmall proportion of fait, they come to 
it ever after regularly to lick the falinc earth, as they would 
to a pool of water to drink, were there none other near ; 
fo that when a hunter in America difeovers fuch a lickf as 
fuch places are there called, he reckons hiinfelf fiirc of ob- 
taining plenty of game, by lying m wait near it, and (hoot- 
ing them as they approach, until the whole beads that have 
difeovered it arc killed. And it is alfo admitted by all thofr 
who have tried the experiment, that fait, given along with 
the food of doinedic animals, (except fowls, to which fall is 
a certain poifon,) tends very mucli to promote their health 
and accelerate their feeding ; and although fome perfons, 
who have been at. :i lofs to account for the manner in which 
this dimulant could M as a nutritious fubdance have affeded 
to difivgard this fadl, yet no one has been able to bring the 
flighted fhow of evidence, to invalidate llie flrong proofs 
that have been adduced in I'upport of it , though, unfortu- 
nately for tliih country, few experiiuf-nts of this kind have 
been tried in it. In hid, we have no rcafiui to fiippofe that 
fait adts in the imalled degree as a mitiitious (ubftance, or of 
iff lends to fatten any annual ; btil tliat merely by ading 
as a condiment, it whets the appetite, and gives the creature 
to which it is probably adminiftered a drong reliffi for its 
proper food, fo as to induce it to eat in a f>iwn time a greater 
quantity than it would have done, and tluis greatly to aug- 
ment, as has been above explained, its feeding quality beyond 
what it otherwife could liave had. In this way it is not, 
perhaps, an extravagant polition to fay, that by a proper 
ufe of common fait, the fame quantity of forage might, on 
many occafions, be made to go twice as far as it could have 
gone in feeding animals, had the fait been withheld from 
them. If fo, and let thofe who are inclined to withhold 
their affent to tliis pofition, prove, by a fet of experiments 
fairly conduced, that it is erroneous ; till then, the unvary- 
ing ttdimonyof the few who have tried it, confirming the 
pofition, ought to be relied on. If fo, then wc have here 
laid open to onr view an cafy mode of augmenting the pro- 
duce of our fields to an amazing extent ; for, if the fame 
quantity of forage can be made to go, not twice as far, but 
onc-tweiuieth part only farther than it now does, it would 
be the fame thing as adding one-twentieth part to the aggre- 
gate produce of meal for bcafls, throughout the wfiole 
kingdom. 

It has alfo been fuggrefted by a writer in the firfl volume 
of the Memoirs of the Royal Academy of Sciences at 
Paris, which is inferted in the 24th volume of Young^s 
Annals, that vail advantage may be derived from the ufe of 
fait, in promoting improvements in land as well as in in- 
creafing the number of cattle. The farmer, it is obferved, 
who has more than an ordinary flock of working cattle, 
reaps a double advantage, the one by having his work done 
in feafon, the other bv enriching a greater proportion of his 
land by means of their additional manure. The only diffi- 
culty IS how to maintain an incrcafed number without in- 
creafing the expence ; this, he alTcrts, may be done by the 
ufe of fait, and advances the three following propofitiona, 

1. That fait, given with the food of cattle, augments the 
nourifliment of that food. 

2. That in proportion to the quantity of fait eaten by 
cattle, the effedls of that augmentation will be perceivable. 

3. That no ill confcquence will follow from an excefs of 
fait eaten by cattle, even though it fhould be given them 
without flint. And thefe propofitions he endeavours to 
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fupport by unqueftionable faf^s. In the jurifcliflion of 
Arle, in the county of Provence, there ia a did rid called 
the Craw, extending in length* about fix leagues, and in 
breadth about three, the whole furface of wliidi is covered 
with finall rough Hones, and not a tree or bufh to be feen in 
the whole dillrid, except here and there upon the borders ; 
yet on this fpot, I’o fecmingly fterile, by the free ufe of fait, 
more numerous flocks of' fiteep are bred and reared than 
upon any oilier common, of equal extent, throughout the 
w'h^lc •kingdom. And what is no lefs remarkable, the flieep 
are healthier, hardier, and endure the feverity of winter with 
lefs lofs, though they have fewer fhcep-cots for covering 
them, than thofe bred and fed on more copious paflures, and 
bcfidcs they have not the advant ige ot more convenient 
fheltcr. Add to this, that tlic wool of the flocks bred and 
brougiit up in the Craw is not only the lineft in the whole 
country, but bears the Iiigheft price of ai^y in France. 
From hcncc he concludes tl.at it is to the unlimited ufe of 
fait that thefc fiirprifing effeds are to be aferibed, for it fre- 
quently happens that the Craw is io burnt up in the fumnicr 
that the poor animals are forced to turn up the very Hones 
to come at the few blades of grafs that grow round them, 
and yet none penfli for want of food ; let every excellence 
therefore, that can reafonably be fuppofed inherent in the 
herbage, be allowed to it, yet the quantity of it is fo fmall, 
that without the abundant ufe of fait, a fourth part of the 
Hieep kept in the Craw could not fubfill in it. 

But as a Hill farther demonHration that this aHonifliing 
effed is folely to be attributed to fait, we have, fays the 
writer, in Languedoc, on the borders of the Rhone, a fpot 
of the fame kind of liony land, in every refpedl fimilar to that 
of the Craw, yet for want of the free ufe of fait, that in Lan- 
guedoc does not maintain the tenth part of the number of 
ftieep that are brought up in the Craw, though in other 
refped^s it is no ways inferior, their wines and other fruits 
produced in the borders of both being in their goodnefs and 
other eflential qualities, equal. 

Having thus proved his firH propofition incontrovertibly, 
he proceeds to prove the fecond, and to recommend an eafy 
experiment, which it is in every farmer^s power to make, and 
that is, to give one half of his cattle fait, and the other half 
none. By this fimple trial, in lofs than a month the dif- 
ference will be difcernible ; the cattle to which the fait is 
given will Hiew it in their looks, in the Jflecknefs of their 
coats, in their growth, and in their Hrength and lirmnefs of 
labour. He adds, that with little more than half their ufual 
food all thefe effe^fs will he produced. 

In order to eHablifli his third propofition, he appeals to 
the practice about Arles, whore the cattle have as much 
fait as they will eat, and none arc fo healthy or thrive fo fall 
as thofe that eat mofl of it. It is of courfe fuppofed that 
there can be no doubt of the good effeds of fait, in the 
feeding or fattening cattle ; but the maimer in giving it to 
the labouring cattle is not clearly explained. It is Hated, 
that in eight days a Hock of three hundred ate fifteen pounds 
of fait, being one pound to every fcore ; and it would feem 
that the whole quantity was given in one day, as the farmer 
is cautioned againfl letting the Hicep drink on the day the 
fait is given, fuggefting at the fame time how much it 
(harpens their appetites. 

But the experiments of Mr. Cartwright in refpcdl to the 
cffedls of fait, when mixed with the food of animals, have not 
been extended to fheep, as he did not apprehend that a few 
limited experiments would either throw new light upon a 
fttbjedt which has already been fuflicientlv difeuHed, as ap- 
plied to thofe animals, or furnifh the puDlic w'ith fadls of 
which it is not already in poilcilion. His experiments have, 


SALT 

therefore, been confined to hogs anJ cows. It is Hated that 
on July 23d, 1804, three hogs of the fame litter, about 
eight months old, were put up to fatten. Their refpeAivi 
weights were as follow : 

No. I. 44 Ihs. 

2. 47 lbs. 

3. 40 lh». 

And that from the 23d of July till the 7th of AuguH, 
they were fed witli barley-meal mixed up wdth water, during 
which time they confiimed three bufhels and a half of barley, 
and gained in weight as follows : 

No. 1. 12 lbs. 

2. 10 lbs. 

3. 5 lbs. 

But that from the 3d of AuguH to the 21H, they had fait 
mixed with their food, of wdiich they confiimed a quarter 
of a pound per day. The food confumed was four buHiels, 
they had gained upon the laH weighing as under ; 

No. I. 18 lbs. 

2. 22 lbs. 

3. 14 Jhs. 

However, that from the 2 ill of AuguH to the 3d of 
September, the fait was difcontiniied, in which time they 
eat four buniels and a half of barley. meal, and their increafe 
of weight was : 

No. I. 24 lbs. 

2. 21 lbs. 

3. 2 1 Ib^. 

But from the 3d of September to the 1 7th, they had fall 
as before, and their confumption of food was the fame as 
during the laH fortnight, namely, four bufhels and a half ot 
barley-meal. Their gain of weight was, 

No. I. 31 lbs. 

2. 19 lbs. 

3. 19 lbs. 

They were then flaughtcred. 

And it is remarked that it did not appear that the fall had 
any operation either in promoting thirll, or llimulating their 
apjietites, the conlumption of food being nearly the fame 
whether faked or not ; neither does it ajipcar that the fait 
Iiad any influence on their fattening ; perhaps the quantity 
allowed tliem was too little, and yet he Hioiild think not, as 
there was enough to ’make their whole mafs of food fufli- 
cieiitly favory to the human tafte. But in trying tins expe- 
riment he did not confine one parcel of hogs to fait, and 
another to unfalted food. This mode of trying cxperimeiiti* 
is always uncertain, as there will be frequently habits auJ 
tendencies in the individual animals which will vary the re- 
fults, and prevent their being uudorni. The laireH way, 
and that which is the leak liable to error, is to compare each 
aiiiinul with himfelf, by feeding him at one period with one 
kind of food, and then for an equal period with anotlier. If 
this principle, which lie has proceeded upcKi, he right, there 
is nothing in thefe experiments ti) enc'otirage the practice of 
adininillciing fait to hogs wilii a view, cTt leak, to increafe 
their tendency to fatten : how far it may contribute to keep 
them in health, is a different queHion, and on which 
of experience may probably be neccllary to decide. 

It isalfo Hated that on the 9th of October 1804, his ex- 
periments on cows commenced. On that day two Welflv 
lieifers, one of which had calved about five months, the 
other three, were confined to the houfe, and fed with hay 
for the fpace ot one fortnight. The hay they confumed 
during that time was four hundred weight nineteen pounds, 
and the milk they produced was thirty-fix gallons ‘^three 
quarts. They had then for the next fortniglit fait mixed 
with their hay, the hay being firft flightly moiltened with 
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v^rater, and the fait fprinkled over it ; in which time they 
confumed four hundred weiprht forty-two pounds of hay, 
and fevcn pounds of fait. The milk produced was thirty- 
feven gallons. For the next fortnight, namely, from the 
fixth to the twentieth of November, the fait was omitted, 
and their food was four hundred weight and one quarter of 
hay, and two hundred weight and a half of cabbages. Tlic 
produce of milk in that fpace of time was fifty -four gallons 
three quarts. From the twentieth of November, their food 
was the fame as before, witri the addition of half a pound 
of fait per day. The produce of milk was fifty-feven 
gallons one quart. It is here noticed that it will be rccol- 
fefted that (alt feemed to have no tendency to promote 
thirft, or to increafe appetite in the hogs ; yet on the cows 
its cffeAs in one refpctf was very perceptible, for during the 
period they had fait they drank three gallons a day each 
more than at other times. It is therefore fuppofed that fait 
may poflibly promote digcltion, (notwithllanding its anti- 
fcptic quality,) by ilimulating the falival glands, and the 
glands yielding the gallric juice, and by introducing an in- 
creafed difeharge of their refpe^tive fluids, fo necelfary to 
the folubility of the different fubflarccs received into the 
ttomach, before they can be admitted into lh<' laftcals. 
And it is fuggeiled ili^t tliough there may be nothing in the 
foregoing cxperiimnits to lead us to fuppofe that fait has any 
other tendency to promote a difpofition in animals to fallen 
than as it may contribute to their health, by aiding their 
digeftion ; yet it is probable that, when adminiflered to 
animals yielding milk, it may contribute in fome fmall degree 
to increafe that lecrction ; and this it may do by promoting 
third, which induces the animal to drink copioufly, in cou- 
requeuce of which the fccretion of milk, as well as all other 
fecretions of the fluids, may be augmented. Perhaps, aUo, 
it may have a Simulating influence on the h^eals tliemfelves. 
But that after all, admitting tliefe experiments to prove that 
fait incrcafes, in fome fmall degree, the production of milk, 
when that increafed quantity is balanced againfl the price of 
the fall, the dairy-man will find Inmfelt no gainer by fuch 
means. 

Thus, notwithllanding there does not feem any thing in 
thefe experiments, cither with hogs or cows, to encourage 
the praftice of giving fait to animals, with a view to in- 
creafe their difpofition to fatten ; yet it would be temerity 
to affirm that it is entirely ufch fs. rVorn the avidity with 
which mofl, if not all, k.' ds of graminivorous animals, 
whether in a ff ate of domellication or otherwife, are known 
to eat fait, whenever it comes in their way, it is reafonable 
to conclude that the propenfity has not been implanted in 
them m vain. But from whatever caufe its lalutary effects 
may be fuppofed to proceed, whether (as was hinted at be- 
fore) from its prornottng digeflion, :ind ai. increafed fecre- 
tion of fluids, or from any other action it may iiave on the 
animal economy, it mnfl be left to an experimenter more 
fuccefsful than he has been, to afcerlain the matter in a 
more perfedl manner. 

But with regard to fin ep, it is well known that fait has 
long been made ufe of with advantage in prelerving the 
health and co iditiori of the animal ; and that the incon- 
venience of wet, moifl, and otluTwife unfavourable land 
for fheep, may in a great meafure be obviated, by having 
rccourfe to the giving of fait to tiic animals. It is indeed 
the common management, in alrnoll every country but this. 
The proper mode of giving it is in lhallow troughs, being 
allowed as much as they will take, wdiich is in common but 
very little, though they are extremely fond of it. Under 
unfavourable Icafons, and where the foil, food, and climate, 
are not well fuited to them, the ufe of this material has 


413 

been found of great fervice. However, in Mr. Fenna’s dif- 
ferent trials with this material for fheep, whether feattered 
in different parts of their pafture, or fprinkled upon other 
portions, tlie animals do not feem to have been much at- 
trafted by it ; as they fcarcc did any thing more than fmell 
to it, and quit the place where it had been depolited. This 
might, liowcver, arife from their natural timidity, or their 
want of being acenftomed to it ; as many animal? are fhy 
in taking new forts of food, till they get a fort of tade for 
them. This is the cafe wuth oil-cake, and fome others. 

But it has been fuggeiled by bartui Schultz, in the firfl 
volume of Communications to the Board of Agriculture, 
that it deftroys the falciola hcpatica, or fluke-worm, in 
flieep. And for this purpofe loinc have recommended, ac- 
cording to Dr. Darwin, one ounce of fait to be given every 
day, diflolvcd in water ; hut that it is probable that it 
might be ufed with greater advantage, if hay was moif- 
tened wdth the folutioii, which would thus, at the fame 
time, fupply them with better nouriiliment than generally 
falls to the lot of thofe difcaled flieep, on the fuppofition 
that they would eat it. But as they take it readily in the 
manner that has been meiiiioKod above, it may anlwTr the 
intention in that very convenient method very well. 

This fiihflance, on tlic whole, bclides its effcdls in other 
ways, as feen above, has the properly of moderating the 
heat in hay -flacks, preferving tlie green cohmr, and im- 
proving thi* quality of it. See Hay, See. 

In the early ages of tlie world fait wa'i regarded as a 
fymbol of extreme llerility. And w'e read of princes, who, 
in token of their indignation, lowed grounds with fait to 
render them barren. Sec Judges, ix. 4^. Deul. xxix. *3, 
Zephan. ii. 9. 

Virgil, Georg, lib. ii. re]>robatc3 a fait foil as occafion- 
ing the degeneration of fruit-trees, and admitting no me* 
lioration from ploughing. 

Pliny, fpeaking of foflilc fait, affirms, that every place 
in wdiich it is found is barren, and unfit for vegetation. 
And Plutarch ohhrves, that the Egyplians believed fait to 
be the fpiltle or foam of the giant Typhon, the great enemy 
of their gods ; and hence, he adds, they held it in the 
greatell ahhorrence. 

Ill later times, however, fait has been frequently ufed as 
a manure with great fucceis. It has been the cullorn, ever 
fince the time of Henry III, at leafl, for the farmers on the 
Cornifh coafl to manure their land with lea-fand, in which 
fea-falt is fo copioufly mixed, that in many places it is ufed 
to be extradled from a ley made of fund. When tlic fand 
has been long expofed to the air, it proves lefs nfeful and 
enriching, which fome have attributed 10 its liaving been 
deprived t)f a good part of its fait by tlie dews and rains. 
This practice of manuring lauds with fea-land has, within 
thefe few years, been introduced with advantage, in other 
parts of Great Britain. The Chcfliire farmers purchafe no 
inconfideraVjle quantity of refule lall Irom the lalt-builcrs ; 
they mix it with dung, and it makes aii excellent manure. 
At Nortliwich alone, there were fold, a few years ago, 
near 3000 tons of it in one year, for tlie ufe of the farmers 
in that and other counties. 

In Chcftiire, and other counties, they make a great ufe 
of the water of tlicir falt-fprings, as a manure for their 
lands. ^J'hey let out the water of thefe fprings for a certain 
time upon the lands, after there has been rain, and by this 
means the quantity of fait they contain is fo blended with 
the rain-water, that it is too weak to hurt the corn or grafs, 
and yet lirong enough to kill worms and other vermin, and 
to improve vegetation. 

On the other hand, when the foil abounds with ruihes ajid 



414 

vvcL'ds, It is cutloinary in Chefhirc to lay a quantity of rock- 
fah upon it, as it is fount! utterly to dcltroy every vege- 
table. And Mr. Tull, obferving that common fea-falt is 
dellruftive to almolt all plants, except thoie which naturally 
grow in tlie fea-watcr, or on the Ihores, invented a method 
of determining how far the horizontal roots ol plants run, 
by btjrying fait at a diltance from them. 

From the above obfervatioii it Oiould feem, that fait, 
when ufed in fir.all quantities, is a good manure, and, when 
in large ones, a real poifon to vegetables. 

Some of tlie African and Arabian defarts arc thought to 
be barren by their having too much fait in them ; whilfl 
many parts of Barbary are reckoned to be peculiarly fruit- 
ful, from their containing a Icfs quantity of it. As fait, in 
fmall quantities, is known to accelerate the piitrefa6tion of 
animal fiibllances, and when in larger, to retard it, and thus 
is ufeful in aflitling the organs of digellion in men and other 
carnivorous animals, as we have already obferved, fait ap- 
plied in like manner, as a manure, may bo found very bene- 
ficial ; not from its entering as an aliment into the fubitance 
of vegetables, fince there are many experiments tending to 
prove that no kind of fait cm of itfelf become the food of 
plants ; but from its efficacy in reducing weeds, dried 
herbage, dead ixxits, <Scc. into a putrid oily inafs ; the 
fru^.tifying virtue of oily cornpoftr. being now generally 
acknowledged : but when it is ufed in a large proportion, 
by preferving thefe matters from corruption, and drying up 
or hardening the fibrous capillaries of the roots, fo that they 
become unfit for fucking in nutriment, the fertility of the 
ground is diminiffied, or wholly deitroyed. As to the fer- 
tility of lands overflowed by fea-water, it may be partly 
owing to the flime and mud left by it, and partly to the fait 
contained in it, which, being in a fmall quantity, may con- 
tribute to the putrefaction of the efi'ete vegetable roots, and 
the confequent production of an oily compolt. 

There are no lands that fatten cattle foonor than thofe 
pailure grounds which are thus, at times, overflowed by 
falt-water : fuch, r. g. are the pallures at Erith, near the 
Thames, which are fometimes overflowed at fpring-tides. 
Some farmers have tried the fcattering of fait over their 
corn-fields, as foon as fowii, in the quantity of two bufhcls 
to an acre, with good fuccefs ; and this quantity may be 
prodiidtive of all the advantages which arife from the occa- 
iional overflowing of high tides, or natural falt-lprings. 

Salt is ufed JymboHrally and meinphoricaltyi by facred and 
profane writer s, in a variety of relpccts. Accordingly wc 
find it ufed as the fymbol of wifdom, Mark, ix. 50. Col. 
iv. I. ; and hence we read of Attic fait, denoting wit or 
mental intelligence. Salt is alio ufid as a fymbol of incor- 
ruption and perpetuity. Numb, xviii. 19. 2 Cliroiu xiii. 5. 
It is alfo metaphorically ufed to fignify barrennefs or lieri- 
lity, Judg. iv. 15. Zephahiah, ii. 9. Jcr. xvii. 6. Salt is 
likewife the fymbol of hofpitality, and alfo of that fidelity 
which is due from fervants, friends, guelfs, and domeftics, 
to thofe who maintain them. Thus the governors of the 
provinces beyond the Euphrates, writing to king Ar- 
taxerxes, tell him, “'becaule we have maintenance from the 
king^s palace, &c. which in the Chaldee is thus ex- 
preiied, “ becaufe we are failed with the fait of the palace.” 
(See Ezra, iv. 14.) Among the nations of the'Eaft Indies 
it is faid to be a common expreffion, “ I cat fuch an one's 
fait,'' for “ I am fed or maintained by him." 

Salt, in Chemijlry^ &c. See Sal and Saj.ts. 

SALT-iffrme Springs^ in Rural Economy^ fuch fprings, 
openings, or pits, as afford a watery fluid, llrongly impreg- 
nated with fait or faline matter. The fait obtained from the 
water of fall-wells and fprings, is denominated brine or 
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Jpring fait. Great quantities of this fait are made in molt 
of the inland countries, as in Germany, Switzerland, Hun- 
gary, and in fomc parts of France and England. 

In Somerfetlhire, Cumberland, Wellmoreland, Durham, 
and Yorkffiire, there are many falt-fprings, but they are 
either too weakly impregnated, or fituated where fuel is 
fcarcc, and for thefe and other rcafons arc not worked ; but 
in other parts of England there are many rich and valuable 
falt-fprings, which are worked to great advantage. Of thefe, 
fome are lituated in Staffordffiire, a great many in Lancafliire, 
but the chief are thofe at Droitwich in Worceflerfhire, and 
Northwich in Chefhire ; about which lall place there are 
many rich mines of foflile fait, above and beneath the beds 
of which the falt-fprings are ufually found. 

At Namptwich, in the lalt county, there are alfo fome falt- 
wells, which have been of very long Handing, being fup- 
pofed by many to have been worked in the time of the Ro- 
mans. The brine of tliefc fprings is found to differ very 
greatly in its flrength and qualities ; fome yielding much 
more fait than others, and the fait extra^fed from fome of 
them being found improper for many ufes, for which that 
of others ferves very well. 

The brine of Barton and Northvi'ich is aJrnoll fully fatu- 
rated with fait, a pound of it yielding, as fomc have faid, 
fix ounces of fait ; but this cannot be Itridlly true ; for, al- 
lowing that 16 ounces of water can diflolvc fix ounces of lalt, 
and no more, it mull follow that no brine-l'pring can yield fix 
ounces of fait from a pint of brine; bccaufe 16 ounces of 
water impregnated with fix ounces of fait, conflitiite a fa- 
turated brine, weighiug 22 ounces ; and, therefore, by the 
rule of proportion, if 22 ounces of brine contain fix ounces 
of fait, 16 ounces of brine will contain 4,V ounces of fait. 
Hence we may infer, that the llrongell brine-fprings will not 
yield above one Quarter of their weight of fait. Accordingly, 
Dr. Leigh (Hilt, of Lancafliire, p. 43.) informs us, that 
fome of the llrongell fp>*ings at Northwich yielded feven or 
eight ounces of fait from a quart of brine ; but a quart of 
brine weighs confiderably more than 32 ounces, the weight 
of a quart of water ; fo that the Nrirthwich fprings, from 
this account, do not yield a quarter of tlicir weight. 

The brine of Droitwich, Up wicii, and Middlewich, con- 
tains about one-fourth of fait ; fome of the fprings at 
Namptwich yield a fixth part of fait ; and thofe of Wetlon, 
in Staffordfliire, afford only one-niiifh part. In England, 
we leldom boil w.akerbrme than the l ul ; but in Geriuany, 
and fome oilier places, where lalt is fcarce, they work 
fprings, whofe water is not impregnated more highly than 
the common lea-water, eontaiumg about fait. 

Here we may oblcrve, that Iga-water, briiic-fpriugi., and 
rock-falt, generally contain, befides common fait, various 
other earthy and falinc ingredients, fucli as calcareous earth, 
magnefia, Epfom falts, fclenitcs, Glauber’s fait, fixed al- 
kali unconibnied with any acid, See, Theh‘ fiibllaiicca are 
foreign to the nature of the fait, and injure its quality ; and 
hence it mull appear, that common fait may have very dif- 
ferent properties, according to the quality of the water from 
which it is made, or /kill of the falt-maker in feparating 
thefe heterogeneous fiibflanccs from it. 

Althoi^h fprings of the kind above-mentioiied exill in 
fcveral different parts of our own country, in different degrees 
of llrength, and of different qualities, yet they are perliaps 
at prefent no where wrouglit for the purpofe of obtaining 
fait from them, in any quantity, except in the county of 
Cheller. They are, however, highly interefting and im- 
portant to that diftriA in feveral different points of view. 

The intelligent author of the corrc£led account of the 
agricultural Hate of that dillriifl, fays that the principal 
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brine-fprings in it are found in the valleys through which the 
river Weaver, and the fmall rivulet the Wheelock, have their 
courfe ; and, for the mod part, near the banks of them. 
If aweakfpring of this nature at Dunham, near the Bollin 
river, be excepted ; and the fprings at Dirtwich, in the mod 
fouthern part of the county ^ no others, it is faid, have ever 
been worked. By their means, it is fuppofed, an importance 
is riven to the fird mentioned river, that it would not other- 
wife poffefs ; and that there is probably a greater bulk of 
carriage on that dream, than on any other river in the ifland, 
which is of itfelf fo little confiderable. Tracing the courfe 
of this river from its fource, at the Peck-ferton hills, no 
fprings dronglv impregnated with fait are faid to be found 
near it, until the town of Namptwich is approached. But 
that brine does exid as high up as Brickley, though it has 
not been afeertained at what depth, or of what drength, 
feems probable, it is faid, from a finking of the ground, 
and the confeqiient filling of the cavity with this fort of 
fluid, which took place in its vicinity in the year 1657 ; ac- 
counts of which are given by Dr. Jackfon, in the Philofophi- 
cal Tranfaftions, and more minutely by Childrey, in his 
Britannica Baconica. Leland has alio, it is obferved, 
given the hidory of a very fimilar occurrence at a dill earlier 
period, a few miles fouth of this. It is related by him, that 
“about a mile from Combermere abbey, part of a hill, with 
trees upon it, fuddenly funk down, and was covered with 
lalt-water, of which the abbot being informed, caufed it to 
be wrought ; but the proprietors of the wiches compound- 
ing with him, he left off working.*^ It is likewifc added, 
“ that this falt-pool dill continued in his time, but that no 
care was taken of it.*' 

It is further dated, that a few miles lower down the 
Weaver than Brickley, in Baddile^, and one or two adjoin- 
ing townlhips, fprings are met with varioufly impregnated 
with fait. Brinefleld is, it is faid, the name given to dif- 
ferent inclofures in Baddiley. And where the river takes 
a northerly direilion at Audlem, brine is, it is faid, met 
with on each fide of it, and may be found, on finking near 
its banks, all the way from thence to the town of mmpt- 
wich. About the midway between the former place and 
Namptwich there is a farm, it is remarked, which ftill retains 
the name of Brine-pits farm, where fait was formerly manu- 
fa6tured. Alfo a little further down, brine was found, and 
fait made, on each fide of the river, at Audadon and Bad- 
dington, as dated in King’s Vale Royal. However, at the 
preient time, it is afferted that none is manufadtured until the 
town of Namptwich is reached, where a great many fclt-brine 
fprings prefent themfelves. Continuing the fame courfe 
down the river, brine is again found at Winsford. And 
betwixt Winsford and Northwich, attempts have been made 
to get down to it ; but thefe have hitherto, it is faid, been 
rendered unfuccefsful by the quantity of frefh water which 
has been met with. It is dated to be again found at Lett- 
wich, in the angle between the Dane and the Weaver rivers ; 
at Northwich ; at Witton, half a mile north of the former of 
thefe places, on a fmall brook of the fame name, which falls 
into the Weaver at Anderton, a town (hip about a mile below 
Northwich. Alfo at Darnton, a mile dill lovver down the 
river, a weaker brine has been found ; and again at Saltcrs- 
ford, about a mile below the above place. Two miles dill 
lower, in Weverham, brine has likewife been found, which 
was worked, it is faid, as early as the time of William the 
Conqueror ; but it does not appear, it is remarked, that any 
^as been difeovered below this place. 

And in following the courfe of the little dream, the 
Wheelock, brine is, it is faid, lird met with at Lawton, on 
■"-he very confinei of the county ; then three or four miles 


415 

lower, at Roughwood, in the townfhip of Bechton ; again 
at Wheelock ; and, ladly, at Middlewich, where the 
Wheelock falls into the Dane. It is remarked that no brine 
has been found in the valley through which the Dune flows 
from Middlewich to Northwich : however, higher up this 
dream, in the vicinity of Conglcton, fome of the inclofures 
have, it is faid, the name of Brine-field, Brine-hill, &c. 
whence it may be concluded, that brine has fome time or other 
been difeovered there in fuch plact s. 

But though the places whicli have been noticed arc the 
only ones where brine has been found, and works for its 
evaporation eredied, there is little doubt, it fuppofed, but 
that it might be met with in almoft every part of the valleys 
through which the Weaver and the Wheelock rivers take 
their courfe, did not the frefh-water fprings prevent the 
accefs to or the coming at it. 

It is dated that the depth from the furface at which the 
falt-brine fprings are found ; the level they lake when the 
dratum which immediately confines them is penetrated ; and 
the abundance of the brine which they contain or afford, 
are extremely various. About the town of Namptwich, the 
brine is met with, it is faid, about ten or twelve yards from 
the furface ; and that in finking for frelh water, it is necef- 
fary to do it with caution, in order that the brine may be 
avoided. It is noticed, that in (inking for the foundation 
of a bridge, fome few years ago, jull; above this town, a 
very copious falt-brine fpring was found about eight yards 
from the furface ; and that the workmen were much incom- 
moded by it. The brine-fprings mollly rife near to the fur- 
face. When Winsford is reached, to which place the river 
Weaver is made navigable, the brine is found, it is faid, at a 
much greater depth from the furface ; and that it is gene- 
rally neceflary to fink from fifty-five to fixty yards before it 
is met with, when it is ufually found in great abundance. 

It has its level twelve yards from the furface. Near North- 
wich it is Hated to be found at a depth from thirty to forty 
yards, the fprings being very fluent ; and its level is about 
twenty yards from the furface. At Witton it is met with 
at about the fame depth, and riles much to the fame level, 
the fprings being equally copious. However, through the 
whole of Anderton, the quantity of brine is faid to be the 
moft abundant ; at the higher end of that townfhip it is ob- 
ferved to be found about forty yards from the furface, and 
that the level is nearly the fame as that at Witton. Some- 
what lower down, it is faid to be neceflary to fink from fifty 
to fifty-five yards before it is met with. Still keeping the 
courfe of the river, at Barnton, about a mile below An- 
derton, on finking fixty yards, and boring fifty yards below 
this, it is noticed, that a very weak brine was difeovered, 
and that in fmall quantities only. 

In tracing the different falt-brine fprings along the little 
ftream of the Wheelock, it is faid to be found, that at 
Lawton they^are mtl with about eighty-five yards from the 
furface, and have their level at feventy yards. The fprings 
here, it is remarked, arc much lefs copious than many of 
thofe on the Weaver. At Roughwood, the brine is fifty 
yards from the furface, and rifes fifteen yards ; the fpring 
IS by no means abundant, and it is often pumped dry. At 
Wheelock it is noticed to be found at the depth of feventy 
yards, and that it rifes within thirty yards of the furface ; 
the fprings being very copious. At Middlewich, however, 
the brine is, it is faid, at different depths, as from thirty-five 
to eighty-four yards ; in one pit, in which it is found at feventy 
yards depth, it rifes, it is faid, to the furface. But, it is 
remarked, that the fprings here are by no means fo fluent, 
and are occafionally pumped until they are quite dry. 

In regard to the di/covery of the falt-brine (prings in this 
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aiftricl, and the time when they were firfl worked, it is 
faid that we are without any certain accounts. It is 
thought, however, that there can be little doubt, but that 
at a very early period fait muft have been procured from the 
briiie«fpring8 which found their way to the furface. This, 
as has been feen above, is particularly the cafe with the 
fprings in the vicinity of the towns of Namptwich and Mid- 
dlewich ; and it is known from Doomfday-book, it is faid, 
that, at the time of Edward the Confeffor, brinc-pits were 
wrought at all the wiches in this diftridt. It would appear, 
however, it is obferved, that, even feveral centuries after- 
wards, the art of making fait was very imperfedlly under- 
(lood in any part of this country ; and that the quantity 
manufadfured was very inconfiderable. And it is further, 
ftated, that Henry VI., having been informed that a new 
method of making fait had been invented in the Low Coun- 
tries, by which it might be made more abundantly in this 
country than had hitherto been the cafe, invited John de 
Sheidame, a gentleman of Zealand, with fixty perfons in 
his company, to come into this country, and inftrudl his 
fubjedls in the new method of making fait, promiling them 
protedlton and encouragement. But whether they came, or 
what their improvements were, docs not appear : however, 
it is probable that thefe were not of much importance, or 
that they were lolt, as wc find the Royal Society, foon after 
its iniUtution, very intent upon 'improving the art of manu- 
fadiiiring white fait, and publifiiitig, towards the clofe of 
the fcventeentli century, the accounts or hiltories of feveral 
modes of making it ; particularly Dr. William Jackfon's ac- 
count of the brine-fprings, and the method of making 
white fait at Namptwich, in this country ; and Dr. Thomas 
Rafiel’s account of the manufadlure of it at Droitwich, in 
Worcefterftiirc. However, thefe are conceived to be rather 
reports of the methods of manufa6lure8 then ufed, than 
fuggeflions of improvements. The fait made in this country 
was ftill, it is faid, confidered inferior to that made abroad ; 
and what was manufactured in Chefhire was confined to the 
fupply of its own confumption, and that of a few neigh- 
bouring counties or difiriCls. 

But the want of knowledge in the manufacture, and the 
fuppofed fuperiority of foreign over Englifli fait, it is ob- 
ferved, attracted, in the beginning of the laft century, the 
attention of the hoiife of commons ; and Mr. Lowndes, a 
Chelhire gentleman, received a reward from parliament, in 
confideration of his making known fome improvements he 
was thought to have made in the manufacture of fait. Soon 
after which the late Dr. Brownrigg publifhed his ingenious 
and pbilofophical work on “ the art of making common 
fait,’* in which, in addition to a full and detailed account 
of the procefles in the manufa^ure of it, at that time ufed, 
lie fuggeited, it is faid, a variety of alterations and improve- 
ments. Some of thefe were, it is obferved, adopted, though 
not to the extent which was admitted of by the ftate of tne 
manufacture. In confequence, however, it is thought, of 
thefe and various fubfequent improvements, joined to the 
increafed commercial fpirit of the country, and the facility 
of communication with the port of Liverpool, by ren- 
dering the river Weaver navigable for vefi'els of confi- 
derame burthen from Northwich and Winsford, the manu- 
facture of white fait in Chefhire, as well for home con- 
fumption as for exportation, has exceedingly increafed in the 
courfe of the laft century, more particularly towards the 
clofe of it ; and the fupport of it is now become, it is 
thought, an objeA and matter of the firlt confequence, not 
only to the county itfelf, but to the whole nation. 

Therefore falt-brine fprings appear to have exifted, and to 
have been wrought in this diitriCt, from the earlieli periods of 
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the hiftory of this country, while the difeovery of the beds 
of foflilc fait in it are only of late date. Sec Rock-^a//. 

In regard to the origin and ftrength of thefe falt-brine 
fprings, it may be obferved, that the notions concerning the 
former were, it is faid, extremely erroneous and abfurd until 
the difeovery of the beds of foflile fait ; but that fince that pe- 
riod, no doubt has been entertained that their faline contents 
arc derived from the water of fprings, or rain-water, coming 
upon, or penetrating down to the furface of thefe rocky beds, 
or the heads of the rock, as they are commonly termed, and 
thus effeding the folution of a certain portion of them with 
which they come in contad. With refped to the latter, 
the quantum of fuch folution, or the ftrength of the brine, 
various circumftances will, of courfe, it is obferved, influence 
it ; but moft particularly, the extent of furface of the rocky 
faline bed, which is expofed to the adion of the water ; as 
the greater this is, the more completely the water and the 
rocky bed are brought into contad, the longer and more 
perfed the folution which takes place, and the ftronger the 
brine or falt-fpring. But, independently of fuch an imme- 
diate operation, the ftrength of the brine will, it is faid, be 
varied by tlic manner in which any pit is worked, and the 
circumftances attending the raifing of the brine ; for if it be 
pumped up fcldom, it will be found to be weaker than it 
would be, were it drawn up more frequently. Dr. Jackfon 
found, that a quart of brine, when the pit had been drawn 
off three or four days, to fupply five or fix wich-houfes, 
yielded an ounce and a half more fait than at any other time, 
when it had a reft of fome where about a week. And it is 
faid, that it has been noticed at feveral falt-fprings, by 
Dr. Brownrigg, that the brine is much ftronger at the bot- 
tom of the pits than near the furface ; alfo in dry weather, 
than in wet ; and when the pits are conftantly d^'awn, than 
when little brine is taken out of them. The explanation 
of which is confidered to be this, that the water which finds 
its way to the layer or bed of follile fait, probably remains, in 
a great degree, at reft, until put in motion by raifing the 
brine ; while in this ftate, the portion of it which is in im- 
mediate contact with the rock becomes faturated ; but ac- 
quiring at the fame time a greater degree of fpecific gravity 
than it had as pure water, it thereby prevents the water above 
from finking down fo as to aft upon the rock ; and the fum 
of folution is confcquently lefs than where the pit is fre- 
quently worked, and the rocky faline fubiiance expofed to 
a more conltant adlion of the water. This, it is obferved* 
is particularly the cafe in fuch brine-pits as are not imme- 
diately connedled with any others ; and that the fame ob- 
fervations will be applicable to thofe pits which have a com- 
munication ; with this difference only, that the mode of 
working in one pit is to be taken into confideration in the 
effeft produced on the ftrength of the brine in another, indc- 
pendentlv of its own particular operations. It is iiated, 
that molt of the pits in the vicinity of Northwich and Winf- 
ford in the above diltrifl, have fuch a communication at the 
rock-head, as is rendered fufticiently apparent by the brine 
in one pit having its level lowered, when another pit is at 
work at fome diftance. At the former place this has been 
further evinced, it is faid, when the brine has found its way 
into the cavity of a rock-falt pit, an accident which has not 
unfrequently occurred. In fuch cafes, it is obferved, fix or 
eight brine-pits, at the diftance of nearly a mile from each 
other, have often been laid dry, and have continued fo until 
the rock-pit has been filled, and the brine has again found 
its level. Even on fome occafions, where the cavity of the 
rock-pit has been large, it is remarked, that four or five 
weeks have elapfed before this has been fully accomplifhed# 
The ftrength of the brine will alfo, it is md} be further 
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materially afFe6led by the quantity of frefh water which 
finds accefs to it, either directly through the fides of the 
(haft out of which the brine is drawn, or by any fifTures, 
cracks, or openings in the earth with which thefe are nearly 
conneded. The proportion of fait which is held in folu- 
tion, in fiich cafes will, it is faid, bear a ratio to the frefli 
water thus introduced, and to the fubfequent opportunity 
this has of ailing upon the rocky fubftance. Thcfc cir- 
cumilances are therefore all highly neceffary to be confidered 
in the working of falt-brine fprings. 

In refpe6l to the quantity of fait which a given portion of 
water, fully faturated, will hold in folutioii,^ very different 
eftimates have been formed ; which are fuppofed to have 
been caufed by confounding given quantities of brine with 
the fame meafures of water, and the want of proper diferi- 
mination between the quantities of fait contained in the one, 
and that capable of being diflolvcd by the otlier ; as well as 
from the different ff ate of the fait ufed in making the trials, 
in which there may have been variations in drynefs, and more 
or lefs of the water of cryffallization. But the refult of 
the moll corredl trials fhews it to be not quite fix ounces in 
fixteen of water, avoirdupois weight. In tfie forming of 
eitablifhments for the making of fait from brine-fpnngs, this 
is, of courfe, of material importance, as the firll points to 
be confidered are unqueilioiiably the flrength and purity of 
the brine which is to be employed. However, notwithlland- 
ing thefe circumftanccs, the advantages derived from feveral 
other adventitious ones may, it is faid, render it better worth 
while to prepare the article from a weaker brine in one 
fituation, than from a ftronger one in another. The chief 
and mod material point which has anyinflueuce in thisbufi- 
nefs, after thofe of the flrength and purity of the brine, is 
faid to be the convenience which is afforded of water-car- 
riage for fending away the manufa^ured material, and for 
the ready conveyance of fuel to the works. The expcnce 
and capability of fupply of this lafl article are alfo neceflary 
to be confidered. And the fluency of the Ipring is another 
confideration which, it is noticed, Dr. Jackfon hasobferved, 
may be rich or poor, in a double fenfc ; for a fpring may 
he rich in fait, but poor in the quantity of brine it affords." 
The opportunity of ffrengthening a weaker brine with 
Tock-falt, may likewife, it is faid, render it more advanta- 
geous to work this, than a ftronger brine differently circum- 
flaiiced. 

In refpefl to flrength and purity, tlie greater proportion 
of the brines of the above diflrift are concluded, from dif- 
ferent trials, to pofTefs them in a vi'ry fuperior degree ; and 
that many of thofe wliich arc Icfs impregnated with fait, 
have rock-falt at no great dillance from them, for affording 
the ready means of ftrengthening them ; wlnlc the fprings 
ire in general copious, and fuel, efpecially coals, readily 
procured, though of late at a much more incrcafed rate than 
formerly, notwithftanding the more extended navigation of 
the principal river, and every convenience of water-carriage 
furniflied by a neiglibouring canal. 

It is further noticed that the workmen, or the walkrsy as 
they are denominated from the bank or wall they raife by 
the fait rubbifh round the pits, commonly make their efli- 
:nate of the ilrcngth of brine from its fpecific gravity ; a 
new-laid egg being their ufual hydrometer, which finks in 
pure water, hut is fufpended when the water holds a fmall 
portion of diffolvcd fait in it ; and has a larger or fmallcr 
extent of its furface expofed, as the brine contains more 
or lefs fait in folution. TJiey have alfo an inflriiment of 
the above kind graduated upward, like that for fpirits, 
which is occafioually employed, the zero point of which 
is completely faturated or Icach brine ; however, by this, 
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it is faid, they only know the comparative ftrength of the 
different brines, and are not enabled to afeertain the exadl 
proportion of fait contained in any given quantity of liquor. 

It is however dated, that, from the table in Watfon’« 
Chemical Efl'ays containing the fpccific gravil y of water im- 
pregnated with different quantities of (alt, from the one- 
third down to the one tlioufand and twc*nty-fourth part of 
the weight of the water, by knowing the fame fort of gra- 
vity in any brine, a pretty exa^l ellimalc may be formed of 
the amount of the fait it contains. Tlic hreuch, it is ob- 
ferved, employ Baumc^s inilrument for tliis purpofe, a? 
being, from its ready application, the moll ufeful and con- 
venient. And with the lame hydrometer, nicely adjuiled and 
regulated with every pollible care in ollu r refpedls, the 
writer found by his trials that the flrcnglh of (cvcral of the 
Chefliire brines was from 21.25010 25.625 per cent, of pure 
fait, and in one inftance from 2$ to 26.566 per cent. ; or that 
in an ale-pint there w^s contained from 4 oz. 15 dr, to 
6 oz. 2 dr. ; and in one cafe from 6 oz. to 6 oz. 6 dr. ; and the 
proportion of earthy falts contained were from 6.25 to 2.500 
per cent. Some of the brinc-fprings arc noticed to have a 
greater fpecific gravity than that of a faturated folution of 
muriate of focla in pure water ; which was found by the 
above hydrometer to be, when cold, 27.812 per cent, of the 
fait ; an ale-pint of the Dondon ftandard brals meaiure, con- 
taining 60Z. 12 dr. By referring to the work the quanti- 
tics will he feen minutely put down, with the names of the 
different brine-lprings to which they relate, and many other 
interefling particulars. 

And a comparifon of the ftrength of the hrine-fprings in 
the above dillridl, witli that of fimilar fprings in France, may 
be formed by the account given by citizen Nicholas, an 
aflociatcof the National Inftitute,in a memoir on the national 
falt-works in the departments of La Meurthe, Jura, Daubs, 
and Mont Blanc; who was required, by a decree of the 
committee of public fafety in Auguli 1795, to vifit fuch 
works, and colle6l all the neceflary information concerning 
their aftual fituation, and the means of their improvement. 
It would appear, it is faid, that there are three of thefe 
eilabhlhments in the firll, as at Chateau Salins, at Moxenvie, 
and at Dieuze ; two in the fecond, as at Salins, and Mont 
Morot ; one in the third, at Arc ; and two in the lait, as 
at Montiers, or Mont Salin, and at Conflans. At the three 
firll places, the brine pretty regularly contains, it is ob* 
ferved, from 13 to 14 per cent, of muriate of foda, though, 
after long pumping, it comes up ftronger. At the two fe- 
cond places, the average degree of faltnefs in the former is 
1 1.86 of the hydrometer ; and that of the latter from i to 

of it. At the third place, the brine contains from 34 
to per cent, of the fame fait. And in a particular trial 
w’ith the brine at Chateau Salins, the refult was, that one 
pound of water gave l oz. 7 gr. of pure fait ; 25 grains of 
felenite ; 75 grains of Glauber^s falts; and 8ii grains of 
muriated lime and magnefia. 

In refpeft to the rent of brine-fpriiigs, from Doomfday- 
book, it is faid to appear that the K-ing had formerly a 
claim on all thofe in the above county. That, in the time of 
Edward tlie Confclfur, there was a brine-fpring at Nampt- 
wich, and eight falterns betwixt the king and earl Edwin ; 
of vviiieh the king bore two-thirds of the cxpences, and re- 
ceived two-thirds of the returns ; the earl the other third. 
Befides, the earl had a faltern for the particular ufe of his 
own family : if, however, he fold any fait from it, the king 
had two-thirds of the receipts, the earl one-third. Several 
private individuals had alfo, it is faid, falterns for the ufe of 
their own families ; but if they fold any fait, a certain fum 
was paid to the king. 
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However, bo right over thefe fprings is now, it is faid, 
claimed by the crown ; they being folely the property of the 
owners of the land in which they are found. Few of them, 
however, are occupied by the land owners ; they being com- 
monly let out to tenants, either at fixed annual rents, without 
any rcftridtions as to the working of them, or at rents pro- 
portioned to the extent of the manufafture, and the quantity 
of fait produced. 

In order to prepare the fait, the brine is raifcd from the 
pits in which it is found, by being pumped up into cjlterns, 
or refervoirs formed near the works. In fuch iitualions as 
admit of the aid of a ftream of water, it fometimes is raifed 
by that means, as is the cafe at different places. Where 
fuch aflKtance could not be had, it was formerly the cullom 
to draw it up by horfes. However, in Camden^s time 
horfes were n«t had recourfe to for this purpofe, as he ob- 
ferves, that “ at Nortliwich there is a deep and plentiful 
brine-pit, with flairs about it, by which, when they have 
drawn the water in their leathern buckets, they afeend 
half naked to their troughs, and fill them, from whence it is 
conveyed to the wich-houfes,” The demand for fait in- 
creafing, fmall wind-mills were in addition employed for this 
nfe ; and as the confumption became ftill larger, a variety of 
inconveniencies were experienced from trufiing to fo un- 
certain a machine, which ultimately led to the ufe of llcam- 
engines, and confequently, at almoft all the newly-erefted 
works the brine is raifed in this way. 

It is noticed that the refervoirs, into which the brine is 
pumped «p, are either large ponds, formed in clay, and 
moftly lined with brick, being capable of containing the 
confumption of feveral weeks ; or they are wooden cilterns, 
pitched within, fit for holding the fupply of it for the con- 
fumption of only a few days. 

Though it has been feen that many of the brines contain 
very large proportions of fait, fo as to be nearly faturated 
in fome cafes, they will all diffolve an increafed portion of 
fait to fomc extent; and as it is of great importance in 
regard to the economy of fuel, to have the froallell polfible 
quantity of fuperfluous water to evaporate, it is coiiftantly 
an objcA with the manufafturer to have a fully faturated 
brine. In cafes, therefore, where the brine is weak, or where 
there is the convenience of faturating a brine already ftrongly 
impregnated witli fait, this is done by putting rock-falt in 
the cillcrn into wliich the brine is pumped, and permitting 
the liquor to acl upon it until it becomes completely fatu- 
rated. For this purpofe a ftrong wooden frame is fixed in 
the eiftern, at about half its depth, upon which the rock- 
falt is thrown ; and the earthy refiduum is occafionally re- 
moved from it, after the whole of the fait has been diffolved. 
Water (lightly impregnated with fait, in other works, is 
alfo improved and brought to a perfcA itate of faturation 
in the fame way. 
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From thefe refervoirs the brine is, it is faid, drawn, as it is 
wanted, through wooden pipes, or by troughs, into the eva- 
porating pans, which arc now made of wrought iron ; the 
dimcnfions of which vary confiderably, but they are moftly 
in new works a great deal larger than thofe which were in ule 
a few years ago ; ufnally containing from 600 to 800 fuper- 
ticial feet, and in one or two inllances nearly 1000 feet. 
Their form is ufually that of an oblong fquare, having the 
depth of from 1 2 to 1 6 inches. Thofe of the firft fizes nave 
commonly three furnaces, of from fix and a half to feven feet 
long, and from 20 to 24 inches wide. The grates from two 
and a half to three feet from the bottoms of the pans. The 
furnace-doors fingle ; and none to the aih-pits. Each pan 
is moftly partitioned out, and has a feparate pan-houfe, on 
the Tides of which are long wooden benchesi more than a 
yard wide, for placing the fait upon in conical balketi to 
drain, after it is taken from the pan ; thefe houfes being 
covered with wooden or dated roofs, with tauwes to 
let the fteam pafs freely away. See the work alluded to 
above, and the article Salt. 

The very great difference in the dimenfions of the refer, 
voirs, the pans, and other things ufed at prefent, and thofe 
which were employed two centuries ago ; ftrongly denote 
the vaft incrcafc and improvement of this manufaaure. 

The fait is prepared from the falt.brine fprings, in the 
above dillriils, mo Jlmd or lump fait, large-grained flaky 
(.lit, and hirge-grniued or Jifliery lalt, by feveral different 
ways, or ratiiei by tlie application of different degrees of 
heat in the procels ; tlie iirlt fort being produced by the 
higheft, or that of two hundred and twenty-fix degrees, and 
the laft fort by the lowcft, or that of from one hundred to 
one hundred and ten. The intermediate degrees furnilhing 
the other two forts of fait, as thofe of from one hundred 
and fixty to one hundred and feventy ; and of one hundred 
and thirty to one hundred and forty degrees of Fahrenheit’s 
fcale. See Muriate of Soda, and Salt. 

Though the white fait made in the above dillriA was, little 
more than a century ago, fcarcely more than fufficient to fup- 
ly its own confumption, as has been feen, the increafe which 
as taken place fince that time has been fo great, on dif- 
ferent accounts, that the quantity difpofedof fur home con- 
fumpiiou in different places is Hated to have been, from fix 
of the works, from the 24th of May 1805 1 ° ‘late 

in i8c6, no lefs than 663,637 bulhels, or 16,590 tons 
77 bulhels, which paid a duty to government of 475,728/. i^s. 
And though the increafe has lately been fo very large, 
there is realon to believe, it is faid, tLt it is ftill capable of 
confiderable extenfion. Sec KocK-Salt, 

Salt-JWw Pitt, the (hafts, pits, or openings from 
which the falt-brine is taken or raifed. See the preceding 
article. 
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SALTPETRE. SccNitrat^ Potajh^ Nirmc jicid^ 
Potass.® Nitras^ and Nitrat of Potm* under Salts. Of the 
chemical and medical properties of faltpetre or nitre, a brief 
account has been already given under the articles to which 
we have above referred. It remains to detail, as concifely as 
polfible, the natural hiftory of this fubftance, the mode of 
Its manufadure, and its ufes in the arts. Nitre, as a natural 
produd, may be found in two different repofitories, the firlt 
of which is lime-ilones, and the fecond vegetable foil. The 
firft, a calcareous repofitory, is either a peculiar variety of 
fecondary floctz limc-ffone, or calcareous tufa, or chalk, or 
indurated marie. In thefe rocks it occurs as a thin gra- 
nular cruft, or an efflorefccnce of minute fpicular cryftals, 
overfpreading the outfide, and lining the infide of natural 
and artificial caverns, with which thefe rocks abound. 
Hence, as it has been conjcdlured, it might have derived 
its name of faltpetre, fal-p‘ctrac,** or rock-lalt. Calcareous 
llrata containing nitre are found in various parts of South 
America, in fome dittrifts of France, in the county of 
Bamberg, and at Hamburgh, near Wurtzburg. But the 
moft celebrated repofitory of native nitre is the Pulo of 
Molfetta, in the province of Puglia, in the kingdom of 
Naples. This deep cavity, in form of an inverted cone, has 
within it, and branching from it, fevcral excavations, natural 
and artificial, the ft rata of which confift of hard fecondary 
limc-ftone, abounding with the remains of organized bodies. 
At the time when the abb6 Fortis directed the public at- 
tention to them, all thefe caves were lined with an ef- 
florefeent cruft of nitre more than an inch thick, which, 
after being feraped off', was again renewed within a few 
days in conftant fuccellion. The fubftance of the rock, to 
the depth of a foot or more, was richly impregnated with the 
fait wnich might be feparated by lixiviation, but ata greater 
depth no nitre was found, or at lead boiling water did not 
afford it by diffolution. A piece of this rock, however, 
appears by the teftimony of Dolomieu, after lying for two 
months in a dry cabinet, to have been covered with a thin 
cruft of nitre. Klaproth and Pelletier, having analyfed the 
nitrous cruft of Pulo, obtained the following refults : 


Kbproth. 

4*55 


2 # 


* 54-5 

304 - 


Pelletier. 

407.5 nitre. 

muriated potaffi. 

26.7 muriates. 

20.8 fulphates, foluble in cold water. 
96.7 fulphate of lime. 

410. carbonate of lime. 


986.0 

14. 38.3 lofs. 


1000 


1000 


Another repofitory of native nitre is vegetable foiL Of 
all countries of Europe, Spain is faid to abound moft with 


thiii kind of foil. According to Bowles, nearly a third ot 
the uncultivated lands in the eaftern and fouthern provinces 
of this kingdom afford a ricli fupply of it by the following 
management. Durinjj the winter and fpring the land is 
ploughed twice or thrice, to the depth of three or four 
inches ; it is fuffered to lie fallow the whole fummer, and 
about the middle of the autumn, the foil having been thus 
fully expofed to the air, is lixiviated ; and the liquor being 
boiled down in the ufual manner, affords, in cooling, a 
quantity of nitre, mixed with from 20 to 40 ter cent, of 
common fait. A confiderable part of the foil in Lower 
Hungary is richly impregnated with nitre ; and the water 
of feveral wells and fprings, containing from two-thirds to 
four per cent, of this fait, is unfit for drinking. In India 
many of the lands, and cfpccially thofe that lie in the val- 
lies of great rivers, very much abound with nitre ; and in the 
prcfidcncy of Calcutta alone, between 7000 and 8000 tons 
are annually maniifaftured. The faline efflorefccnce which 
covers the furface of the foil being fwept off, is renewed 
every other day at particular feafons of the year : and that 
foil, in which the fait is lefs abundant, is raked up ia fmall 
heaps, mixed witli the ferapings of roads and cattle-ftalls, 
and after being for a certain time expofed to the aftion of 
the air, lixiviated. The earthy refidue is mixed with frefh 
earth, and after two years affords as large a produce of nitre 
as at firft. Thofe nitrous foils, the acid of which is com- 
bined, for the moft part, with lime iuftead of potafh, and 
which, in the ufual mode of treatment, yield but a fmall 
quantity of nitre, are rendered produdiive by the addition 
of wood>a(he8 : the carbonated alkali of the affics and the 
calcareous nitrate of the foil mutually decompofing each 
otiicr, and furnifhing, in the rcfiilt, carbonated lime and 
nitrated potafli. Many of the foils in India, a? well as thofe 
of China and other parts of Afia, require this alkaline addi* 
tion. This is alfo the cafe with much of the foil in the 
Crimea and Ukraine. In many parte of the Crimea, thofe 
parts are felefted that have been long uncultivated, and alfo 
thofe artificial parts that have ferved Tor burial-places and the 
feites of towms ; and the foil being dug up, is mixed with 
about one-fifth, by meafure, of wood-afhes, and lixiviated 
in perforated cades in the ufual metliod : the liquor thus 
produced, after concentration by repeated lixiviations, is 
mixed with the mother-water of a preceding cryftallization, 
and boiled down for 24 hours, removing from time to time 
the common fait and muriated potafh tliat feparate during 
the proerfs : it is then transferred, while hot, into (hallow 
coolers, in order to cryftallize, which it docs in 24 hours 
more. The rough cryftals being drained, are again dif- 
folved in water, and the produ6l of tlie fecond cryftal- 
lization is a nitre fomewhat impure, and yet fit for the 
market. Four hundred cubic feet of tlie mixture of earth 
and wood-afhes afford 42lb8. of nitre of the firft cryftal- 
lization, which, by fubfequent refining, is reduced to 39lbs. 

After the adoption of fire-arms, the cor.«amption of 
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nitre became proportionably great, and of courfe art and 
indHftry more actively employed in obtaining it. Different 
foils were attentively examined, and experiments were made 
for afeertaining their various prodiids. In the courfe of 
thefe refearches it was found, that the fuperficial foil of 
f;irm yards, of cattlc-flalls, of cellars, of privies, and of 
other places long expofed to the vapours of putrefying 
animal matter, afforded, when mixed with wood-aflies and 
lixiviated, a conliderable quantity of nitre. It was alfo 
found, that the plaifter, nr.ortar, and brick rubbifh of old 
houfes, might, by a fimilar treatment, yield this fait. In 
confequence of thefe Jifeovenes, the feveral fubftances now 
enumerated were claimed by the crown in mod of the 
countries of Europe, and granted to focicties incorporated 
for the purpofe of making (altpetre, and fupplying the pub- 
lic magazines with this indifpeidable article. England and 
Holland fupplied thcmfelves from 1 ndia and China, and there- 
fore paid little attention for a fliort time to this kind of 
manufafture : whereas France, Germany, and the Northern 
dates of Europe, encouraged it to the utmod of their pov/er. 
At Paris thefe allbciations or companies were incorporated 
fo long ago as the reign of Charles IX. ; and regulated by 
feveral datutes. Their privileges were very extenfive, and 
enforced with fuch rigour, that they became occafions of 
difcouraging agriculture, and of promoting tyranny and 
opprefllon. They were allowed to appropriate to them- 
felves all the nitrous foils and materials which they could 
find, witliout any adequate compenfation to the proprietors. 
Accordingly the earthen floors of every out-houfc, and 
even of inhabited cottages, were fubjefted to their depreda- 
tions, fo that the people were thus deprived of their bed 
manure ; and moreover, every parifh or didridl was under 
an obligation of furnilhing a certain quantity of wood- 
a flics. Thefe oppreflive powers were entruded^ by the 
crown with the farmers-general, whofe inferior agents exer- 
cifed them to their own pecuniary emolument, and to the 
grievous annoyance of fuch perfons as were the fubjedls of 
their extortion. Ncverthclefs, the annual produce of nitre 
at the acceflion of Turgot to the minidry, is faid to have 
fcarcely exceeded one-half of its amount about half a cen- 
tury before his time. This able minider introduced a very 
uieful reform in this department, redriAed fome of the 
powers which had been fo much abufed, and abolifhed others ; 
and transferred the adminidration of this buflnefs from the 
farmers-general to a particular commiflion, of which Lavoi- 
fier and Clouet were leading members ; and a confiderable 
fum of money was placed at the difpofal of the Royal 
Academy of Sciences, to be didributed as prizes by this 
body to the authors of the bed memoirs in the preparation 
of faltpetre ; and thus important and beneficial improve- 
ments were introduced in the condruftion and management 
of artificial nitre-beds, and the refining of their produce. 
By theie means, the amount of nitre made in France was 
increafed during the interval elapfed from the year 1775 
to 17B5, from i,8oo,ooolbs. to 3,5C)0,ooolbs. After the 
commencement and during the progrefs of the Revolution- 
war, the necefllties of the date occafioned a great additional 
demand for this article ; fo that the abled chemids of 
Paris directed their ingenuity and fedulous attention to this 
objed, and their fuccefs was fuch, that the produce of 
nitre was more than quadrupled, and the art of preparing 
it attained nearly to perfedion. From procefles detailed 
under the articles Nitric and Nitrous jlcidf &c. it ap- 
pears, that three conditions are requifite for the produc- 
tion of nitrated lime, which, by the fubfequent addition of 
carbonated potafh, affords nitre, viss. animal matter in a 
date of decompofition, atmofpheric air, or rather the 
oxygenous part of it, and carbonated lime. 
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In Virginia, they prepare the floors of their tobacco- 
houfes for attrading nitre : the method of making it in 
this way, by Mr. Jeremiah Brown, has been publifhed in 
Virginia, by order of the trullees for the improvement of 
arts and manufadures, and, in England, by order of the 
Society for the Encouragement of Arts, Manufadures, and 
Commerce. Sec an account of this method in the Annual 
Regitter for 1763, vol. vi. p, 121. 

The condru6lion of artificial nitre-beds was firft pro- 
pofed by Glauber. Having turned his attention to feveral 
previous circumftances, he fuggetted the following plan 
for the formation of nitre, which wc (hall extrad u-ont 
Aikin's Didionary. 

Let a large iquare wooden vat be made open at top, 
and with a perforated falfe bottom placed a few inches 
above the real bottom, and between the two bottoms let a 
pipe with a llop-cock be inferted, fo as to difeharge any 
liquor into a lhallow open refervoir funk into the ground 
juft in the front of the vat : on the oppofite fide of the 
refervoir let another vat, fimilar to that already deferibed, 
be placed, and, to complete the apparatus, let a pump be 
fixed in the refervoir, by which its contents may be tranf- 
ferred to cither of the vats that the workman choofes. Every 
thing being complete, let the vats be filled with horfes', 
cows’, or Iheep’s dung, mixed with leaves or any dry vege- 
tables : then draw a weak alkaline ley from quicklime and 
wood-afhes, and pour it into one of the vats till it ftands a 
finger’s breadth above the other ingredients. In about 
12 hours’ time turn the cock, and let the liquor drain into 
the refervoir, whence it is to be pumped again into the 
other vat, and after 12 hours more returned into the refer- 
voir. In the fpacc of a few days, the contents of the vats 
win heat and ferment (Irongly : no further care is required 
till the decline of the fermentation, which may be known 
by the ceflation of the fteam ; the materials are then to 
be again drenched with the liquor in the refervoir for 
12 hours, and when this is again difeharged the fermenta- 
tion will recommence. This method being purfued for 
ten or twelve months, (taking care to keep the vats filled 
with frefli portions of leaves and dung as the mafs fubfidcs,) 
both the liquor and the contents of the vats will be found 
to be very rich in nitre.” 

The above method of Glauber’s,” fays Mr. Aikin, 
deferves notice as the firft attempt at the artificial manu- 
fafture of nitre, although there is little doubt that its fuc- 
cefs is greatly exaggerated, as is but too much the cuiiom 
of this author. Another metliod propofed by the fame 
chemift, and the fuccefs of which is better authenticated, 
is the following. ConllrudI a vault of frame-work of any 
dimenfions, and line it to the thick nefs of three or four 
inches with plaifter compofed of the following materials, 
vix, one part of quicklime, one of wood-a(hes, and two of 
cows’ or horfes’ dung, with a fuflicient quantity of urine 
to work it up to a proper confidence. This plaifter being 
carefully applied, is to be dried by a gentle fire to be 
made under the vault, a fecund coating of the fame mate- 
rials is then to be put on, and thus, by alternate drying 
and plaiitering, the vault is to be made two or three feet 
thick. Being now fufficiently ftrong, the wooden framing 
may be removed. The plaifter, in proportion as it dries, 
is to be reftored to a proper date of moifture by the ap- 
plication of urine, and in the fpace of a few months, more 
or lefs according to the warmth of the air and other cir- 
cumftances, the whole inilde of the vault will be covered 
with nitrous elRorefcences : by degrees the plaifter will be im- 
pregnated with nitre through its whole fubftance, at which 
time the vault being broken down, and its materials being 
duly lixiviated, a large quantity of nitre will be obtaineo. 
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This method waB adopted in many parts of Germany with 
reafonable fuccefs, but, requiring much manual labour, was 
at length abandoned for more economical procefl'es, 

« In France the nitre-beds arc compofed of nitrous earth 
from farm-yards, llables, &c. ; of ftreet-fweepings, of mild 
calcareous earth, fuch as old mortar or plainer, chalk, tufa, 
or the fweepings of roads paved with lime-ftoiie ; of animal 
matter, fuch as night-foil, blood, refufe from the ficinners 
and tanners, bones and other oflal ; of vegetable matter, 
fuch as ftraw and liable litter, leaves, faw-dull, fpent tanners’ 
bark, &c. Thefe are all mixed in fomewhat cafual pro- 
portions, care being only taken that a fufficient quantity 
of calcareous matter is prefent ; they are laid as lightly as 
poi^ble in long beds or pyramids under covered roots to 
protedl them from the weather, and are kept duly moif- 
tened with putrid water or urine : by this management they 
yield every other year, by lixiviaticn, a confidcrable quan- 
tity of nitrated lime, which, by the addition of wood-afhes 
or potafli, is converted into true nitre. The circiimltance 
in which the French nitre-beds differ principally from tliofc 
of Sweden and Germany is, that they fcarcely ever contain 
wood-afhes, the requifitc portion of alkali being added in a 
fubfequent part of the manufadlure. 

The proportion of nitre afforded by thefe artificial beds 
it is not eafy to afcertaiii. In France, where the cullom is 
to lixiviate once in two years, the produce may be eftimated 
at from feven to twelve ounces of nitre from loolbs. of 
materials : of this about half is nitrate of potalh, and the 
reft nitrate of lime, requiring therefore the addition of 
potafh to convert it into true nitre.” 

For the theory of nitrification, and particularly that of 
M. Thou vend, we refer to the work now cited. Various 
methods have been pra6lifed for the cxtraAion of nitre 
from the earths that contain it, and the purification of this 
fait. 

The marlcy earth, frequent in China, Perfia, and many 
parts of the Eaft, is feleded for woi^king from places 
where it ftands in barren cliffs, on hills facing the northern 
or eaftern winds. The manner of their feparating nitre 
from this earth is as follows r they dig large pits, which 
they coat over on the iiifide with a lliff and firm clay ; this 
they fill half full of water, and into it throw the earth. 
When the water has ftood fome days to imbibe the fait, they 
draw it off into other pits, defended by flight walls on 
all but the north-eaft fide. Here the fun exhaling the 
water, the fait which it had imbibed affixes itfelf to the 
fidea of the pit in fmall, brownifh, white, hcxahedral, but 
very imperfeft, cryftals, which are what we receive from 
the Eaft Indies under the name of rough nitre. 

This is the way the greatett quantity of this fait is made ; 
but it is alfo procured from divers other materials, and by 
many other methods. 

The method of manufafturing, faltpetre in Podolia, re- 
lated by Dr. Wolf, is as follows : the earth or mould, 
which tney make ufe of for this purpofe, is of a deep black ; 
and they make choice of a place for their operation not far 
from a fpot rich enough in nitre to keep them conflantly 
at work, at leaft during a whole fummer, and fuch as can 
fupply them with water and wood at an eafy cxpcnce. 
The iitenfila ufed in this manufacture, are a large copper 
boiler, containing about fixty amphors of fix gallons, or 
about 54lb8. of water each, which is fixed in the ground, 
with its brim level with the furface ; lOO wooden tubs, 
with a Jiolc bored near the bottom, each of which holds a 
car of earth, or about four or live amphors ; two very large 
calks of about loo amphora each ; about thirty-two wide 
troughs or coolers, holding about an amphor each ; and a 
fufficient number of amphors for fetching water. 
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In the manufacture, the firft operation is to beat the 
nitrous earth to a coarfe powder with iron fpades, and to 
clear it of all hard fiibftances. If it be very rich in nitre 
(indicated either by its fatnefs or its downy efflorefcence), 
they mix with it fome of a poorer fort, in equal quantity, 
but very black and old : and, laftly, they add afhes, com- 
monly thofe of the afh, which moll abounds, to the amount 
of about a fifth part of the whole, and mix them well 
together. If they have a quantity of urine at hand, they 
throw It in, but never any quicklime : they then put one 
car of the prepared nitrous earth into one ot the tubs, fill 
up the veflel with cold water, and 11 ir the whole well with 
a wooden Itaff ; and after it has ftood twenty-four hours, 
with occafional ftirring, they fuffer the ley to run out at 
the hole near the bottom, and put it into large calks. In 
this decoiElion of the nitre, what they call the moder of 
nitre is abfolutely necelfary. This is the infpiffated lixivium 
remaining aher the cryftallization of nitre, which cannot 
itfelf he made to cryllallize, and they keep it from one year 
to another. Of this mother of nitre, they pour one 
or two tubs into the boiler, to which they add the 
new ley, collefted in the great calks, till the boiler is 
full, and keep tlie contents boiling near twenty-four hours. 
As foon as tliey perceive any marks of cryftallization on 
the furface, they remove the ley, thus decodted and infpif- 
fated, into the thirty-two wooden coolers, and let it re- 
main there twenty-four hours ; in which time the cryftalli- 
zation being completed, tliey drain off the mother of nitre, 
and return it into the boiler. The cryftals are taken 
out and dried ; but as they never prove clean, they are 
again diffolvcd in clean water, filtered through a flannel 
bag, and boiled up again, in a lefs boiler, to a requifite 
thicknefs, and then cryftallized again, which brings them 
to be fit for fale. In tliis manner, the procefs is repeated 
through the fummer, till the winter’s froll puts a flop 
to it. 

The method formerly ufed in a confidcrable manufadlure 
at Paris was as follows : M. Bouret, who makes every year 
from 35,000 to 36,ooolbs., employs fix men night and day, 
two rooms, twenty large cafles, and three horfes. The calks 
are half filled with old plailler, which is changed every time 
of pouring on water, and the lower half with wood-a(hes, 
which arc changed but once in five lixiviations. The water 
poured on foaks through both the plaittcr and afhes, and it 
five times paffed through frefh plaifter. It is then boiled 
down in a copper pan, fo placed that the flame paffes quite 
round its fides. The fire is made of wood. The lixivium, 
when properly evaporated, is fet to cryftallize, and the 
cryftals to drain. The fciim taken off in the boiling it 
thrown upon the plaifter, which, the longer it lies in heaps, 
(wetted from time to time,) becomes the ftronger ; and 
likewife in proportion to the putrid matter thrown upon it. 
The plaifter ufed in the buildings at Paris, is made of that 
gypfeous earth called plaifter of Paris, and found in tlie 
neighbourhood of that city. In general, no lime is mixed 
with it ; and if this be the cafe, the nitre is neither fo good, 
nor produced in fo great a quantity. It is known when 
the old plaifter is worth being collected and employed, by 
the faltifh tafte of it. 

The firft thing, in the procefs of extradling and puri- 
fying nitre, is to affay the earth. This is done by lixi- 
viating a few pounds of it, and adding to the liquor thus 
obtained as much of a folution of common potafh, of a 
known ftrength, as is fufficient to decompofe all the earthy 
falts. From this affay, the quantity of alkali required is 
eafily calculated. 

The next procefs is the lixiviation ; which is performed 

in the* following manner. Several cartdoads of nitrous 
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earth are mixed as accurately as poflible with the requifite 
quantity oF alkali, either in the form of wood-alhes, or pul- 
verized potafli. Several large caflt*? with perforated falfc 
bottoms are then filled with the prepared earth laid on very 
lightly; after which as much river-water is poured in as 
the vefTels will hold. In two or three hours time the cock 
at the bottom of each cafk is turned, and the liquor is 
allowed to drain out during tlie remainder of the day. 
The caflcB of a fecond feri(‘s, chnrired with earth as before, 
are now filled up with the firll lixivium, and after Handing 
for a few hours, the liquor thus concentrated is drawn oft 
in the manner jiill deferibed. By a fimilar procefs on the 
third day a lixiviiim, thrice as Hrong as the firil, is obtained, 
which is now fuffici-ently concentrated to be boiled down. 
The contents of each feries of cafles are lixiviated twice 
more, and the weak folutions thus obtained are employed 
inftead of water in the firil and fecond lixiviations of frefli 
parcels of eartli. 

The boiling down and evaporation next fucceed. The 
lixivium, containing nitrate of potafli, the muriates of potafh 
and foda, with probably a few other falts, and various earthy 
and other impurities, is put into a large boiler like a falt- 
pan, and heated nearly to ebullition ; it is then clarified 
by the addition of bullock’s blood, or a folution of glue, 
the impurities, as they appear on the furface, being care- 
fully llcimnied off": when no more froth rifes of itfclf, a 
little lime-water is added, whicli coagulates the remainder 
of the blood and glue, and thus completes the clarification. 
It is now boiled for fcveral hours, and the muriates of pot- 
afh and foda, as they depofit, arc withdrawn by a per- 
forated ladle. When the liquor is fo concentrated that a 
few dro])8 cryflallize readily on being dropped on a cold 
iron, it is laded out into a vat, where it remains hall an 
hour to depofit the common fait and impurities flill floating 
in it : hence it is transferred to large wooden or metallic 
cryflalliziiig bafons, where it remains clofe covered up 
during from three to fix days, according to the tem- 
perature of the air ; at the expiration of this period the 
fluid mother-water is poured out and returned to the nitre- 
bed, and the fait depnfited in a confufed cryflalline inafs 
of an opaque dirty white, is broken to pieces and fet to 
drain, after which it is brought to market, or delivered in 
to the government-ftores, as rough nitre, or nitre of the 
firil boiling. 

In order to refine the rough nitre, the ancient praclice 
was to fubjetl it to two more fucccflivc boilings and cryf- 
tallizations ; by this method, however, a very confidcrable 
proportion of the nitre was left in the motlu-r- waters, no 
inconfiderable fluire was volatilized by the heat required for 
evaporating tin* folution when it had nearly acquired tlie 
due degree of coneent ration ; and befides, a great ex pence 
both ot time and fuel was incurred. The modern method 
of refining this fait was invented in PVance a few years ago, 
and is now confidered as brought nearly to pertedtion. li 
18 thu8 efledled : 

The rough nitre is broken to fmall fragments by wooden 
mallets, and is then put into a \^oodeIl tub, with 20 per 
cc«/., by weight, of cold water ; in this ilale it remains for 
fix or feven hours, being occalionaily well liirred up, that 
the water may have free accefs to every part. The water 
is now let out by a hole at the bottom of the veflel, and 
carries with it in folution all the deliquefcent falts, and 
the greatefl part of the muriates of foda and potafh, toge- 
ther with fome nitre. When the whole of the liquor is 
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drained off, 10 per cent, more of water is added, and well 
mixed with the nitre for an hour’s time, when it is dif- 
charged in the fame manner as the firil, LalUy, 5 per 
rent, of water is poured in, and run off again almoii imme- 
diately after. The nitre thus waftied, after being well 
drained, is put into a boiler with half its weight of water, 
and boiled till a pellicle forms on its furface ; the liquor 
is then difcliargcd into a leaden cooler, and liirred about 
with rakes, till it is quite cold, by which manipulation the 
fait is depofited in fmall cryftalline needles. It is now 
taken out of the liquor with a perforated ladle and well 
drained ; after which it is walked with 5 per cent, of cold 
water, and again drained: being then fpread out on a 
large table it dries in a few hours, and is lalUy heated over 
a fire in large bafons for two or three hours, at a tem- 
perature not exceeding 120^ Fahr. taking care to ftir it 
all the while ; by this treatment it is perfedlly purified, 
and brought to the confiftence of fine land, and is now 
ready to be manufa6lurcd into gunpowder. See Aikiu’.^^ 
Didlionary. 

The ufe of nitre is very extenfive in medicine, in the arts, 
and in chemidry. 

Dr. Sliaw, on this occafion, obferves, that if the medi- 
cinal virtues of nitre were to be enumerated, as they Hand 
confirmed by fufficient experience, perhaps they would 
prove more numerous than thofe of any one known medicine 
befidcs. It is fcrviccablc in the lb>ne and lloppages of 
urine, in deliriums, malignant fevers, diarrhoeas, the fmall- 
pox of the confluent kind, &c. fo as to prove almofl a 
general remedy. And all thefe excellent qualities arc in 
this fait joined to that defirable property of being innocent, 
or fcarccly any way prejudicial to the body. The ufual dofe 
of nitre, among us, is from two or three grains to a fcruplc ; 
though, in many cafes, it may be given wnth fafety, and to 
better advantage, in larger quantities. From fomc experi- 
ments on the effccls of nitre taken internally, related in 
Mr. Alexander’s Experimental Eflays, it appears, that 
nitre has a power of almoii inltantly retarding the velocity 
of the circulation of the blood, and of furprifingly di- 
minifhing the number of arterial pulfations ; and that its 
eftefts are much more powerful when newly diffolved in 
water, than when it has remained diflolved during Iopk 
hours. As this difference mull have proceeded frtim tht 
cold which is produced by nitre during its foiiition, pro. 
bably a much greater cffeil would be produced by pro- 
curing that folution in the Itomach. For the various medi- 
cinal preparations of nitre, fee Nitiie, and the references 
under that article. 

In chemiftry, bcridcs the nitrous acid obtained from 
lutre, which is one of its moH powerful agents, nitre itfclf 
is alfo ufed in many chemical operations. And in the arts, 
it8 properties of detuuating with bodies containing phlo- 
gifloii, of accelerating their calcination, and eipecially tlu: 
calcination of the imperfeA metals, render it ufeful for the 
purification of gold and lilver, when they arc allayed with 
other metals. As nitre is quickly and eafily alkalifed, it 
enters into the compofition of reducing fluxes, or of fimplc 
fluxes, to aflill fufion and vitrification. It may alfo be em- 
ployed by its detonation, to difeover the prefence of the 
inflammable principle in jfubilances. But the mofl confi- 
derable ufc of nitre is for the preparation of gunpowder. 
See Nitre, Nituum, Nitrate, and Nitrate of Potafi^ 
under Potash. 
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iU fapidfubllancesvvhich were foluble lu ^ 

were termed acid f alts, alkalies, alkaline Jails , am. 


fapid bodies not poilelling either ot tliolc qualities, neu- 
tral falls. In the prefeiit Hate of chemical fcicnce, the 
term fait is confined folely to the compounds formed by 
acids with the alkalies, earths, and metallic oxyds; tlie 
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fubftAiice combining with the acid being called the bafe of 
the fait. . 

Neutral falls are thofe in which the ingredients arc in exact 
faturation. (Sec Neutral Salisy and Neutralization.) 
And they are thus diltinguilhed from thofe, ftriftly fo called, 
that arc formed by the combination of acids with alkalies, 
in which the properties of the one or the other predominate. 
When the acid predominates, the fait is defignated by the 
fyllables fuper being added to the appellation of the neutral 
fait, formed with the fame acid and alkali ; but when the 
alkali is redundant^ the fyllablc fub is added : thus, carbo- 
nate of polafh, with a redundance of acid, is fiipcrcarbonate 
of potaih ; and with a deficiency of acid, fubcarbonate of 
potalh ; and as there arc two varieties of acids formed from 
the combination of tlie fame bjilcorbafes with different pro- 
portions of oxygen, fo it has been found alfo necefl'ary to 
diiUnguifh the falts formed with them by different termina- 
tions ; thus the fait compoled of fulphuric acid and potafli is 
termedyi/ite/jn/eof potafh, while tliat formed with fulphurnus 
acid and the fame alkaline bafe, is termed fulphite of potafli. 
When the acid has the term oxy prefixed to its name, the 
fame fyllables are prefixed to that of the fait : tlma, oxymu- 
note of potajh denotes a fait com po fed of the oxymunatic 
acid and potafh. 

The neutral and other fccondary falts have very different 
degrees of folubility ; but tliat of almoll all of them is in- 
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creafed by an augmented temperature, v^lule their roUition 
is for the moft part accompanied with a dirniiiution of tem- 
perature. They may be obtained unaltered from folutions 
by evaporation ; and, if ihc procefs be (lowly conduced, 
they form in regular cryfiallized mallcs, which have more 
or Icfs tranfparency according to the quantity of water which 
they retain in their coinpofition. Expolure to air, heat, 
and moifture, vanoufiy anett the appearance of cryfia’h/ed 
falts. When they lofe tlieir tranfpiirency, and are covered 
with a white cruft, or fall to powder, on iimple expofure 
to the air, fuch falts are laid to be ejflorefcent ; if, on the con- 
trary, they attradl moifture from the atmol'phere and become 
fluid, they are named deliquefetnt ; and p>rmanent^ wdien the 
air has no effe^f on their cryftals. I’lic circiiinftancc of a 
fait firit melting tn a moderate heat, then becoming covered 
with a white cruft, and ultimately being converted into a dry 
opaque mals, is termed watery fufioti ; but w hen, in Head of 
melting, it fplits with a crackling nolle, this effc6f is termed 
decrepitation. 

The efflorefeent and dtfliquefeent falts ftiould be pre- 
ferved, and difpenfed in well-flopped bottles ; wdiile thofe 
that are permanent will not lufFer from being put up in 
paper. 

The following ahftraft of Mr. Kirwan's table of the 
compofition oF falts, fhews at one view the quantity of bafe, 
acid, and water contained in the falts medicinally ufed. 


Niiinr^ (if ilic Sail'*. 



Acid. 

W.iie 

StHtC 

Carbonate id' potafh 


41. 

43 - 

16. 

Cry ft alii zed. 

of foda 


21. 58 

14.42 

64. 

Dry. 

of ditto 


59.86 

40.05 


Di’licratcd. 

of lime 


5 v 

45 - 


Natural. 

of magiiefia - 


25 * 

50. 

25 - 

Cryll.dh/.ed. 

— — — , common magnefia 


45 - 

34 - 

21. 

Dried at 80°. 

Sulphate of poufh 


54.8 

45.2 

— 

Dry. 

of foda 


18.48 

23*52 

CO 

Fully cryftallized. 

of ditto 


44. 

56. 

— 

Deficcated at 700^^ 

of magnefia - 


17 - 

29*35 

53-65 

Fully cryftalli/ed. 

of ditto 


36.68 

^^3*32 


Dcficcaled. 

Alum - . • 


12.* 

17.66 

5 J-t 

Cryflallizcd. 

Ditto - . - 


63.75 

36-2; 


Deficcated at 700°. 

Nitrate of potafli 

- 

51.8 

44. 

4 -d 

Dried at 70^. 

Muriate of foda - 


53 - 

47 -# 


Dried at 80''’. 

of ammonia 


25 - 

42.75 

32.25 

tSublimed. 

of barytes 


64. 

20. 

16. 

Cryftallized. 

of ditto 


76.2 

23.8 


Deficcated. 

of lime 

- 

50. 

42. 


Red-hot. 

of magnefia 

- 

31.07 

34-59 

34*34 

Senfibly dry. 

Acetate of potafh 

- 

61.05 

38.05 


In foliated rnafs.|| 

* Ignited. 


t Of ^ 

cryftallizatiori 4 - 

19.24 in 

the bafe. 

1 [. Of compofition. 


§ Aqueous 3 8. 88 real. 


il Higgins. 


See Nomenclaturk, and tlic different bafes of falts under 
which the falts are deferibed. 

The general plan of this work has been to treat of the falts, 
as underftood by the lall definition, under their refpedlive 
bafes. We find, however, that tins plan has been deviated 
from in the articles Aluimika, Barytes, and Potash. 
This being the cafe, we think this the moft proper place in 
which to fupply the deficiency, and refer to the refpedive 
bafes for the reft. 

Sulphate of Potajh . — This fait has been called in medicine 
Jal potychrjl^ and in the old chemical nomenclature, •vitriolated 
tartar. It is formed by direAly adding fulphuric acid to a 
folution of potafh, till the mixture is neitner acid nor alkaline, 
which will be the cafe when it does not change the colour of 


infufion, or fyrup of violets. This mixture on evaporation 
affords cryftals, which are larger and more complete as tf.e 
time in which the water is efcaping. Thefe cryftals are in 
the form of fhort fix-fided prifms, terminating in pyramids 
of the fame number of fides. 

The fpecific gravity of this fait, in its pci ‘‘eiFt ftate, is 
about 2.4. It does not poffefs much taflc, which is rather 
bitter. It diffolves in fixtecn parts of water at 60°, and iu 
four parts of water at 2 1 2^^. It is not changed by expofure 
to the air. When thrown upon burning coals it decrepitates, 
like common fait. Expofed to a ftrong beat in a crucible 
it melts. If charcoal, or, which is better, faw-duft, be pre- 
fent, it is fpeedily converted into a fulphurct of pctafli, 
called alfo/iwr of fulphur. Its compofition by Dr. Wollaf- 
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ton^s fcale is in loo parts, 46 fulphuric acid, and 54 pot- 
a(h. By Dalton’s numbers 45 acid, and 55 potafh. Thefe 
proportions agree very nearly with the analyfes of Bergman, 
Kirwan, Wenzel, and Dr. Thomfon, The Jaltei makes 
it 42.2 acid, 50.1 potafh, and 7.7 water. U would feem 
from the latter that this fait confiils of an atotncach of acid, 
bafe, and water. This would be m DdUon’s numbers 34 
acid, 42 potafh, and 8 water, whudi i?. doubtlcfs near the 
truth. 

This fait is partially decompolcd by t]>e nitric and muri- 
atic acids ; and its folution is completely decompofed by 
muriate of barytes, muriate of lime, lime-water, oxymuriate 
of mercury, nitrate of filver, and acetate and iuperacetatc of 
lead, wliich therefore cannot enter into formulx with it. 
In medicine, it is deobftruent and cathartic. It is given with 
great advantage in thevilcerj oh (Iru^tions to which children 
arc liable, and in combination with rhubarb it has been found 
more ufeful than any of the other faline purgatives in jaundice 
and dyfpeptic affections. It is generally given in the form 
of powder, in dofes of from x gr. to j^vi, as it is intended 
to aft as a deohilruent or a purgative. Its officinal pre- 
parations are, “ Pulvis ipccacnanliae compofitus,’’ L. E. D. ; 
and Pulvis fcammonix compofitus,’’ 1 ^. St*e Powdcr. 

Sulphate of potqflj with fulphur^ formerly “ Polychreft 
fait,” is direfted by the Edinb. Pharm. to be prepared by 
mixing well together, equal parts of nitrate of potafh m 
powder, and fublimed fulphur, and throwing the mixture in 
Imall quantities at a time into a red-hot crucible. When 
the deflagration terminates, let the fait cool, and preferve it 
in a well-flopped glafs veffel. This fait has a fenfibly acid 
tatte, and reddens infufion of litmus ; it is almoll wholly 
diffolved in eight parts of water at 60® ; and by expofure to 
the air, it is altogether converted into fulphate ol potafh. 
Its medical properties and ufes are the fame with thofe of 
fulphate of potafh ; but it is very rarely ufed. 

Superfulphate of potafh, or, agreeably to a more modern 
nomenclature, hi/ulphate of potafh. Its name indicates that 
it contains two atoms of acid to one of potafh. It is 
formed by heating a folution of 84 parts of potafh and 42 
of fulphunc acid, of the fpecitic gravity of 1.85. Itcryf- 
tallizes into long fix-fided prifms, having the appearance of 
needles. Its tafte is fliarp and acrid. It difl'olves in about 
three ( five Thomfon ) parts of cold water at and in its 
own weight of boiling water. It is not changed by ex- 
pofure to the air. When lig ated in a platiua crucible it 
fufes into a tranfparent fluid, but becomes white and bard 
on cooling. 

The compofition of this fait, as well by an experiment 
made by Dr. Wollafton, as by theory, will be 34 x 2 
acid, 42 potafh, and probably 16 of water. Its efficacy as 
A remedy is yet unknown. 

Nitrate of Potafh, See Potass.^: 

It is the rapid evolution of the elaflic fluids, refulting 
from the dccompofition of the nitric acid, by the agency 
of the inflammable matter, that conftitutes the energy of 
gunpowder, and the report of the piilvis fulminans, for 
the manufafture of which, lee Gunpowder, and Fulmi- 

NANS Puhh, r n. • 

The very extenfive confumption of nitrate of potafh m 
the manufafture of gunpowder, has made it a defidcratum 
in fome countries to obtain it by fomc artificial means. Phe 
great fupplies of nitre have been from thofe warm countries 
■wh^e it exifls native in the common foil. It abounds in this 
Aatedn Egypt, India, South America, and Spain. Some 
parts of the foil contain much more than others. ^ Where 
It is found plentifully the earth is colleftcd into immenfe 
jjiles and lixiviated, which difiolves the nitre, and any other 
foluble matter^ liquor is evaporated and the nitre ob- 
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tained in cryflals. The firfl cryflallization is always impure, 
and is called crude nitre. The pure nitre can only be obtained 
by repeated folutions and cryllallizations. It has been tlie 
opinion of foine philofophers that nitre has its origin in ve- 
getables, bccaufe it is often found an ingredient in their ana- 
lyfis. Several parts, however, both in natural and artificial 
nitre-beds, go far to prove that it originates in the eartlu 
themfelvcs, aided by the prcfencc of atmofpheric air, by the 
heat and perhaps the light of the fun. 

The author of this article has been informed by a friend 
recently travelling in Spain during the lall feafon, that in 
many parts of that country he found it difficult, and fre- 
quently impollible, to get a draught of water that was not 
impregnated with nitre, and 111 lome places he found nitre 
in the foil. In the neighbourhood of Madrid, immenle 
heaps of this foil were coUefted for the purpole of extraft- 
ing the nitre from it. What, however, istlic mod remark^ 
able, and which tends to confirm the opiinon above given 
refpefting its origin, is, that thefe heaps, in a few years aflei 
having been lixiviated, which mull have removed all the lo- 
luble parts, became again caj)ablc of furnilhing a fimilar 
quantity of nitre ; and what Hill more confirm;;' the above 
idea, this procefs had been repeated upon the fame heap I'everal 
fucceffivc times. It appears from this faft, that foine forts of 
foil are capable of furmlhing nitre by merely being expoied 
to air in warm climates. 

This fall has been formed in great abundance in Francr 
and Germany, by what are called artificial nitre-beds. Thefe 
confill of long narrow heaps of a colleftion of animal and 
vegetable matter, mixed with calcareous and other carllis. 
Sheds are tiirowii over thefe heaps to Ihelter them from tho 
rain, and keep up tlieir heat ; and they arc alfo kept at a 
certain degree of moilture, by occafionally throwing water 
upon them. This keeps up to a certain extent the putrefac- 
tive fermcMitation in the animal and vegetable fubftances* 
The heat which thefe generate may contribute mucii to the 
procefs, as well as furnifliing potalh for the nitre. It is 
luppofed that the nitrogen afforded by the animal matter in 
its iiafcent form may be more fitted for forming nitric acid 
with the oxygen of the atmofphcre than is the nitrogen of 
the atmofphcre, whicli is only prefented in its gaieoiis 
form. There is, however, no proof of this being the cafe, 
fince we find nitre produced where no animal or vegetable 
fubflancc is prelent. Thefe beds afford nitre after being 
expofed a certain length of time. The heaps are fome- 
times turned over, which facilitates the prodnftion of 
nitre. Tiie nitre, mixed with other falls, cfflorefccs on 
the furface of the heaps, and is fwept with brooms from 
time to time. Thefe fweepings are colleftcd and purified 
by lixiviation and cryflallization. 

The earth itfclf is alfo lixiviated at certain periods, and 
then re-expofed. In Switzerland thefe niire-bcds are fre- 
quently connefted with ilables on a large fcale, to take ad- 
vantage of animal excrement. 

Many vegetables furnifli nitre in confiderable quantity, 
particularly thofe that arc poifonoiig, or pofleffing much 
odour. The extrafts made from hemlock, henbane, and 
quaffia, in a length of time become covered with cryilals 
of nitre. During the maceration of henbane in hot water, 
for the purpofc of making the extraft, the nitric acid of 
the nitre is to a certain extent decompofed ; as nitrous gas 
may be colleftcd in confiderable quantities. Is it not proba- 
ble that thofe plants which furnifh more than an ordinary 
quantity of potafh, fuch as wormwood and the ferns, may 
originally contain nitre, which is decompofed during their in- 
cineration, leaving the potafh combined with carbonic acid ? 

Nitre is fometimes ufed in preferving meat, particularly 

hams. It ii to tlic elfeft of thi^ fait that the meat owes ita 
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red colour. This colour is produced by the prefeuce of 
the oxygen, or at lead by the ahdradion of carbon, pre- 
cifely on the fame principle that venous blood becomes red. 
The frefix cut mufcle, wliich is of the colour of venous 
blood, foon becomes chingrd by fimilar expofure to the 
air, and alfu by the application of nitre. What corro- 
borates this idea is the fa£l, that when too much nitre has 
been uled upon meat, it acquires theexafi flavour of nitrous 
gas, and the parts moll fufceptible of this fmcll exhibit the 
prifinatic colours. Sec Sai.ti'ETRE. 

Muriate of Potnjb, — This fait was, before the prefent no- 
rnenclalure, called re^enerrtted feafalt ; and in medicine it 
was called digejlive fait of Sylvius, See Potassium. 

It is belt formed by adding muriatic acid to the cryftal- 
lized carbonate of potafh, till the efFtrvcfcence ceafes. 
This folntion, by flow evaporation, affords cubic cryiials, 
which are the fait in a ftate ot purity. 

Its tafte is bitter. The fpecific gravity of the perfect 
cryiials is 1.836. It diffolves in three times its weight of 
water at 60^, and in a little lefs than two parts at 212®. 
It is nightly deliquefeent in the air. When expofed to 
heat, like the muriate of foda, it decrepitates. At a red 
heat it melts, and at an incrcafcd temperature it fublimes in 
white fumes. 

This fait, in the dry Hate, is confidered by fir Humphrey 
Davy as a compound of chlorine and potafllum ; in its 
humid Hate, it is a compound of potafh and muriatic acid. 
When in tliis hill llatc heat is applied, the oxygen of the 
potafh combines with the hydrogen of the muriatic acid, 
forming water, whi<'h is driven off, leaving what fir 
Humphrey has turned potajfane^ and what Dr. Thomfoii has 
called chloride of potqjfnm, and what in the old language 
would be termed muriate of potafh. This fait, in the dry 
flate, according to Wenzel, is cumpofed of 35 acid and 

65 potafh ; and, from the authority of Rofe, 34 acid and 

66 potafli. By Dr. Wollallon's fcale, it is 36 5 acid and 
63.5 potafh. By Dalton’s numbers, 22 acid and 42 bafe ; 
or, in the 100, it is 34.5 acid and 65.5 potafh. Thefe ac- 
counts fo nearly agree, as to leave little doubt of their 
accuracy. See Muriatic y^cid, 

Hypernxymuriale of PotaJIo . — This fait was firfl difeorered 
by Dr. Higgins, but Berlhollet was the firfl who pointed 
out its conllitution and particular properties. It has flnee 
been examined by Lavoificr, Van Mons, Fourcroy, Vau- 
quelin, Hoyle, Chenevix, and others. The latter chemifi 
has given a very able paper upon this clafs of falls, in the 
Philofophical Tranfadliona for 1802. 

This fait ill prepared by pafling oxymuriatic acid gas 
through a folution of one part potafli to fix parts water. 
For this purpofe, the latter folution may be put into the 
bottle B. (See Plate XVII. Laboratory ^ fig, 9.) The 
retort. A, contains the materials for producing the oxy- 
muriatic acid. The gas, on entering the bottle B, firfl 
forces the liquid up the tube into the bottle C, and then 
flowly follows it in bubbles. Thefe are generally abforbed 
before they reach the bottle C. If this fhoiild not be the 
cafe, the remaining gas defeends by the tube h to the 
bottle D, which contains a folution of potafh fimilar to that 
in B. When the alkali is nearly faturated, the fait in 
qucltion begins to precipitate in the form of brilliant fcales, 
or plates. Thefe are not pcrfeclly pure, but, by diflblving 
them in about three times their weight of boiling water, the 
fait falls down in greater purity as the water cools. 

The form of the cryltals of this fair, although they appear 
in the form of thin plates when minutely examined, is found 
to be that of the parallelepiped, or rather obtufe rhomboids. 

It has a cooling, fharp, and rather acrid tafte. It dif- 
folvcs in 17 or i 8 parts of water at 60^, and in z\ parts of 
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water at 212®. It is not changed by expofure to the air. 
When expofed to heat, it firfl undergoes the aqueous fufion- 
If the heat be increafed, the fait is at length decompofed. 
A large quantity of oxygen gas efcapes, equal to one-third 
of the w'cight of the lalt, leaving behind two-thirds of 
muriate of potafli. 

Its adtion upon combuflible bodies conflitutes its mol?: 
remarkable properties. When three parts of this fait and 
one of lulphur are fmartly rubbed in a mortar, a fucccllioii 
of explofions take place , nut unlike the cracks of a whip. 
Theie are attended with fljfhes of purpliih light, and a 
fmcll of fiilphureous acid. The fame niixture laid upon an 
anvil, and llruck with a hammer, gives a loud report. 
When phofphorus is ufed inilead of (ulphur, the cfTerdls are 
much more violent. Similar, but lefs llrik«ng, phenomena 
are obferved, when this fait is mixed with charcoal, lugar, 
ftarch, or gum, and almofl any other dry vegetable matter. 
When thele mixtures are touched with concentrated ful- 
phuric acid, inflammation iiiflantly enfues. This efledi is 
kill more confpicuous, wlicn the mixtures are projedted into 
the acid. In thefe experiments, the greatefl caution fliould 
be obferved. In the detonations by fndlion, or percuflion, 
the eyes and hands of the operator (hould be gu3»‘dcd. The 
mixture with fulphur fometimes explodes Ipoiitaneoufly. 
Similar detonations alfo take place with metals and this fait, 
particularly the more oxydable metals. Thefe energetic 
properties fuggellcd the idea of ufing it, in (lead of nitre, 
in the manufaCTurc of gunpowder ; but its property of ex- 
ploding by fndlion, renders even the mixture of the ma- 
terials too hazardous to be pradlifed. In the very firfl at- 
tempt to form the compound, two individuals loll their lives* 

This fait is decompofed by nitric acid, which difengages 
the oxygen and the oxymuriatic acid. 

The dilute muriatic acid added to this fait, in a very 
fmall retort, difengagei a peculiar gas, which was dilcovered 
by fir Humphrey Davy, to whicfi he has given the name of 
euchlorine. See Oxymuriatic Acid, 

We (hall belt (hew the conilituents of this fait, as well as 
its particular analyfis, by referring to the chemical changes 
which take place in its formation. 

According to the new hypothefis, which fir Humphrey 
Davy and fome other chemifls have adopted, the fait in 
queftion confifls of I atom of chlorine, i of poiaflium, and 
6 of oxygen. Agreeable to the common opinion, it coii- 
fiils of I atom of muriate of potafli, with 6 of oxygen ; or 
I of muriatic acid, 6 of oxygen, and i of potafli. 

By the firfl opinion, 6 atoms of clilorinc enter the folu- 
tion of potafh: 5 of thefe decompofe 5 atomsof water, 
with the hydrogen of which they form 5 atoms of muriatic 
acid. Thefe combine with 5 atoms of potafh, forming 
5 atoms of potaflanc, and 5 atoms of water. The 6th 
atom of chlorine combines with 5 atoms of the oxygen de- 
rived from the water : thefe combining with an atom of 
potafli, form an atom of the hyperoxy muriate of pc'tafli. 
If the atom of hydrogen be I, oxygen 7, chlorine 29, 
and potafllum 35 ; then 5 atoms of potaflane will be 
(29 d- 35 ) X 5 = 320, and i atom of the hyperoxymuriatc 
will be 29 4- 35 42 ~ 106. 

By the old opinion, when 6 atoms of oxymuriatic acid 
enter the folution of potafh, 5 of them give up their oxygen 
to the 6th. The firfl 5, which have become muriatic acid, 
combine with 5 atoms of potnfli, forming 5 atoms of mu- 
riate of potafli. ’riie 6th atom, with its 5 extra atoms ol 
oxygen, combine with an atom of potafh, torming an atom 
of the hyperoxy muriate. Here, oxymuriatic acid, as i:s 
name indicates, is fuppofed to be formed by i muriatic ar' l 
= 22, and I of oxygen = 7, being together equal to 29. 
'The 5 atoiua of muriate of potalh will be (aa 4- 35 -f 7) 
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X 5 and t!ic atom of liypcroxy muriate will be 

y2 2 f 6 .< 7 35 -h 7 ) ^ lo 6 , as b-foiv. We here fee 

tiiat botU tiicC'i’ici explain the fa£i, and the rcfult is 

the fame i i bnth, when t!ie fame clcrnoiUary numbers are 
taken. Tio^a thefc d*,ita, elic coinpofidon will be in a 
hundred parts, 

Muriate of pota/li - - 60 

Oxygen . . . . 

100 

In cUfhrig this among the rcll of the fulls, wo might 
prefume the exKlcnce of an acid called the hypcroxymuriatic 
acid. Thip, however, has not as yet been obtained in a 
free Hate. The euchlorine of fir Humphrey Davy was at 
one time thought to be this acid ; but fince the latter is con- 
llitiitcd by 29 oxymuriuticacid and 7 oxygen, while the acid 
united to potadi, forming the fait in qiieltion, would con- 
fill of 29 f 5 X 7, fucli a fuppofition cannot be mainteii.ed. 
If the old opinion ke 'p its ground, the proper name for 
this fait, agreeably to what has been laid down under 
Nomenclature, would b(* hcaoxymnnaU of potajh. But if 
the new opinion prevail, it would bo cal'ed, according to the 
nomenclature of Dr l^homfcn, kc^oxychloryde of pctaffuirtu 

Superphofphate of Potajh. — Tliis fall is formed by adding 
the liquid jihofplioric acid to a foliition of the cryllallized 
carbonate of potafii, till the cfTervcfcencc ceafes. By eva- 
poration it afiurnes the form of a gelatinous mafs, but docs 
not cryflallize. It has a fw^etifli-faline taile. When dry, 
its fpcclfic gravity is 2,85. It attratl^ humidity fioni the 
air, and is very foluble in water. 

When heated, it (irll undergoes the watery fufion, after- 
wards becomes dry. Tire lieat licing niifed, it melts into a 
Iranlparent glafs, which is deliqucTcent in the air. No 
unalyfis of this fait is known. By Daltoids numbers it is 
46 acid and 42 potufh, in KS part^;. 

Phofphate of Potq/ 1 ). — Tliis fall cannot bo foiTAcd by di- 
rectly adding the acid to the alkali, in a ftale of folution ; 
as, in that cale, the fait lad defenbod is always formed. In 
order to fiuin the prefnit fall, the fnperph'dphate mull be 
fufed in a ]datina crucible wiih a quantity of alkali equal to 
that already contained in it. 'I'he while mafs thus foroied is 
tlic fait in (jiicdion, 7 'he more certain way of forming this 
jalt i.i to boll tlic alkali and the above fait together; a white 
powder fubjidcs, vsliiji, Le .’o li-pnratcd and dried, is the 
pure phofpluite of pot.uli. S-jc Mluiatic yfr/W. 

Flu iti of Putnjh. — 'Fiiis fall may be formed by dirc^Uy 
addcig tlie liquid fluoric acid to potafli, till neutrality is 
effected. Sehcele fays it d les not cry.dalhze ; Wenzel, 
however, informs us that it does, when perfedlly free from 
filex. It diflolv'‘s in water, and melts in a ilrong heat, 
lice F1.UOUIC / feu !. 

Borate of Poinjh. — This fait may be formed by heating 
together nitre and borax (borate of foda). TIv’ nitric 
acid is driven ofl', and the potafli decompofes the borax. 
By folution in w'ater, and flow evaporation, the fait h ob- 
tained in cryflals. According to the arialyfis of Wenzel, 
it is compofed of 100 acid and 30 of potafli. Sec Boracic 
Acidy and Borax. 

Carbonate of Potajh^ or Pure Suhearhonate of Potajh of 
the £dinb. Pharmacopeia.— rTh is fait is called fait of tartar, 
from having* been formed by the calcination of tartar. 
When pure potafli is expofed to the air, it foon altradls 
water fufficient to liquefy it, and alfo carbonic acid, ulti- 
Tuately becoming a folution of carbonate of potalh. By 
evaporation it affords cryftals, which require to be kept 
from the air to prevent their deliquefct'ucc. This fait may alfo 

formed by deflagrating nitre with fupertartratcof potafh. 
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The compofition of tins fait has been very clearly niadT 
out by feveral able chemills. By Dr. Wolhillon’s leale, it 
is compofed of 68 potafli and 32 enrboiiir acid, in the dry 
Hate. By Dalton’s numbers, ot 19.4 acid and 42 potafli ; 
which in the loO is 68.3 potafli and 31.7 carbumc acid. 
See Caubosate of Potajh, 

Subcarbonate of Potajio, Sec Por\ss.v: Carlonas, 

Supercarhonate or Bienrhunate of Potafli, — Tins fait differs 
from tlie lall in containing twice as much carbonic acid. 

It is formed by addiiig carbonate of ammonia to the car- 
bonate of potafli, the fait lall deferibed, and cli Hilling ok 
the ammonia. The folution, by evaporation to a ciriani 
extent, and by flow cooling, affords cryftals, appearing ia 
plat^-s lying one over the edge of the other. The moll ad- 
vantageous way of forming this fait is by pafling ctubonic 
acid gas through a Ilrong folution of fait of tartar (car- 
boii.;te of potafli), in the app ratur, Plate yPsi \\ , fi^, 9. 
(Sec Labora iouy. ) I'ue iali cryltalir/es williom eva- 
poration, the erv lL.ls heiii'T v.'i) large and well-rorinecl. 

This fait hpi a cuolieg tafle, not tlut leafl cauflie, ijor 
fcarndy alkaline. It diindv-s iu about fonr pails of vvali.r 
at 60®. When diflulved in boiling water, it feerns to un- 
dergo a partial der 'jmporitn.^'. as bubldes of ca’'bonic add 
clcapc : hence it fliould not only be formed iu cold watei, 
but diffolved in il, when uied. 

When this fall is heated to rednefs, it is completely con- 
verted into the carboiiale of potafh, leaving loll jiifl half (d 
its atul. I'Vom this which has been meiilioneil by 

Dr. AVollallon, its cornpolitiou will be obvious; being 
68 pot.ifii to 64 earboDic teid. and percent. 47 eaibouic acid 
and 53 })otufli, I'rom Dr. Wollallon’s fcale, it appears to 
confill of 2 aloius of acid, 1 of potafli, and i of wrA-n*. 
This will give per cent. 43 caibouic acid, 47.9 potr.lh, and 
9.1 water of crylLdli/,atiuii. 

Arfniaie (f Po>.Jh.~-^V\\ve fait is formed by adding ar- 
feme acid to j^utalli. 

It does not cryilalli/.c. If expofed to l!ie air in a dry 
it dcliqutiecs. 

When filled with a Ilrong lierA, it forms a white glafs. 

If inflammable matter be )>'Tfeiit, the fair is di'c.mipoft d 
by the metal lollng Us oxyg\u. The arfenie fublirnes at 
the fame time. 

Superarfrniate (f Potajh . — This fait, from its name, con- 
tains an cxcefs of acid, probably twice as mach. It is 
formed by adding more acid to ilie lall lalt. It cryllallizcs 
in quadrangular jirifrns. See Aui<ENic;, ^ lO. 

The molybdate and chromate of potafli are but little 
known. 

Acetate of Potafb . — This fall may be fon.ncd by adding 
pure acetic arid to a folntioii of carbonate ol potafli, till 
ir.iitnal ibtuial’on ltdv.e.s ph.ce. It is very diflieult of cryf- 
talhzatioi:, but it may be effeded by a very flow evapora- 
tion. It bjo a fliarp unplealant tafte. It is foluble in 
about its own weiglit of cold w'ater. It becomes moill by 
expofure to llr* an*. Like the refl of the falls, willi vege- 
table acid it i;i dccompoUd by a flrcng heat, the refiduum 
being charcoal and potafli. See Acetjc: Acid. 

The London Pharmacopeia directs it to be prepared hy 
mixing together, in a large glafs vcflel, lb. of fubcar- 
bonate of jiotr.fli and a gallon of (diliiled) acetic acid ; and 
having cva]jor3t( d the folution to one-lidf over the fire, by 
addirig gradually as much more (diluted) acetic acid as may 
be necell'ary for perfect faturalion. Let the folution be 
again tvaponited io one-half, and II rained ; then contiuvnj 
the evaporation in a water-bath, fo that, on being removed 
from the fire, cryflals (hall form. 

jieetde of PuteJJj cf the lidiiiburgh Pharmacopeia is pre- 
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pared by boilings one pound of pure carbonate of potafh, 
with a very gentle heat, in four or five times its weight of 
diftilled acetous acid» and adding more acid at different 
tini'!8, until, the watery part of the former portion being 
nearly difiipated by evaporation, the acid newly added oc- 
cafions no effcrvcfcence, which will be the cale after about 
20 pounds of acid have been confumed ; then evaporating 
(lowly to drynefa. Liquefy the remaining in pure fait with 
11 gentle heat for a fhort time ; then let it be diflblved in 
water, and filtered through paper. Afterwards evaporate 
this fluid, which, if the liquefaftion be properly performed, 
will be limpid, otherwife of a brown colour, in a (hallow 
glafs vefl’cl, with a very gentle heat ; occalionally Itirring 
the fait as it concretes, that it may the more quickly become 
dry. Finally, preferve the acetite of potafh in clofely fhut 
vellels, to prevent its being liquefied by the air. 

Acetate of Kail of the Dublin Pharmacopeia is formed by 
adding to any quantity of fubcarbonate of kali, at difterent 
times, about five times its weight of diftilled vinegar mo- 
derately heated : when the effervcfcence has ceafed, and the 
fluid is fomevrhat evaporated, add, at intervals, more dif- 
tilled vinegar, until the effervefcence entirely ceafes : then 
evaporate to drynefs', and having raifed the fire a little, 
cautioufly liquefy the mafs. Diflblve the fait in water 
after it is cold ; filter the folution, and boil it, until, on 
being removed from the fire, it concretes into a cryftalline 
mafs, which fhould be very white. Put the mafs immedi- 
ately into clofe-ftopped veflels. 

Jlcctate of Potafh has a flight peculiar odour, and a warm 
(harp taftc. One fluid-ounce of diftilled water at 6o^ dif- 
lolvcB 504 grains; or 100 parts of it are foluhle in 109 
parts of water, and in twice its weight of alcohol. In the 
watery folution it is fpontaneoufly decompofed ; and it is 
alfo dccomjiofed by the ftrong acids, by a de<. option of ta- 
marinds, by the fulphates of inagncfia and of foda, by the 
muriate of ammonia, tlie tartrate of potafh and foda, and 
by folutions of oxymuriatc of mercury, and of the nitrate 
tif fiber ; which of courfe cannot enter into formula: with 
it. See Atetic And. 

All to tlui medical properties and ufes of this fait, it is 
mildly catliartic and diuretic ; occafionally beneficial in 
lebrile aflcilions and jaundice, but principally ufed in 
dropfies, and other difeafes requiring a copious difcharge of 
urine. For producing the latter effe^I, the dofe may be 
from rOj to given every three or four hours, in any 
bland fluid. Dofes of jij or ^iij open the bowels. Its offi- 
cinal preparations are “ Acetas hydrargyri,*’ E. D. ; 

Timftura acetatis ferri,’* D. ; and “ Acidtim aceticuin/' 
D. Thomfon's Difp. 

Oxalate of PoUfh . — This fait is cafily formed by faturat- 
ing a folution of the cry ftais of this acid with potafh ; and by 
adding a little excefs of the alkali, the fait will be capable 
of cryftallr/.ation. The cryftals arc long fix-fided prilms. 

Snj^roxnlate of Potefh . — This is formed in the wood for- 
rcl, and is fold under the names of fait tf forreU and fait of 
hmonsy and is fomelimes bought for lemon acid. It may be 
formed artificially, by dropping a folution of potafli, by a 
little at a time, into a faturated folution of oxalic acid. 
The fait to be formed is fo much lefa foluble than the acid, 
that as foon as it gets the proper dofe of alkali to coiiiti- 
tate the fuperoxalatc, it falls to the bottom of the veflel in 
imall cryftals, which, when examined minutely, are fmali 
four-fided figures. 

Neither of thefe falls have been analyfed, but their pro- 
portions may be readily calculated, fince the weight of the 
atom of oxalic acid is well defined, being about 40 times 
heavier than that of hydrogen. The firft fait will, therefore, 
be 40 of aoid and 42 of potafh, or percenl* 49 acid and 5 1 bafe* 
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The fuperoxalatc will be 80 acid and 42 bafe, or in the 100, 
65.5 acid to 34.5 bafe. See Oxalic Acid^ and Oxalis. 

Tartrate and Tartrate of Potq/h. See Tartrate and 
Tartrite. 

Svpertartrate of Potajb, — This fait exifts in nature, par- 
ticularly in the juice of the grape. It is generally collefted 
from the fides of wine-cafks, and may always be feen ad- 
hering to the fides of wine-bottles, when the wine has been 
kept for fome time. This fait, when purified, is known by 
the names of cream of tartar and cryftals of tartar. Thefe, 
when well formed, are (hort fix-fided prifn..i. It dKTolves in 
60 parts of cold water, and in half that quantity of boiling 
water. When expofed to heat it foon becomes black This 
arifes from the decompofition of the acid, the potafh being 
left in the (late of carbonate, fince carbonic acid is one of 
the refults of the decompofition. A portion of the acetic 
acid is alfo formed during this decompofition, which may be 
colledled and mixed with fome empyreumatic oil. This pro- 
dudt was called pyrotartareous acid, but is now found to be 
acetic acid, mixed with the empyreumatic oil. 

Tartrate of Potnjh. — This fait is known in medicine by the 
name of foluble tartar, to diftingulfli it from the laft, which 
fo fparingly diflblvos in water. It may be readily formed, 
by adding to the fuj)ertartrate a folution of as much potafh as 
it already poflelfes. This folution, by evaporation and gradual 
cooling, affords cryftals in the form of fi'uc-fided prifms. 

Its taftc is rather bitter. It is foluble 111 almoft four parts 
of cold water, and in much lefs of boiling water. It is de- 
compofed by heat like the laft. 

The compulition of the fupertartratc, according to Berg- 
man, is 

Tartaric acid 77 

Potalli - 23 


Or, 

Tartrate c»f pot afli 56 


A lid - .|4 

ICO 

By the analyfr. of Thcnard, it is 

Acid - 57 

JVjtafh - 33 

W ater - 7 


97 

This laft is probably near the truth ; the firft is very far 
from being lo. See Tartuite. 

The nialat, gallat, benzoat, fuccinat, and faccolat of 
potafh, are but little known. 

Camphorate of Potafh . — This fait is formed by adding 
campliorlc acid to carbonjite of potafh, till carbonic acid 
ceafes to be evolved. The folution on evaporation affords 
cryftals. 

Tins fait is folnble in four parts of boiling water, and in 
100 pails at 60°. It dilfiftves in alcohol, which caules it 
to burn with a blue flame. See Camphor. 

The reft of the falls of potafli are not known to poftefs 
remarkable properties. 

Sulphate of Barytes, — This fait exifts abundantly in nature 
under the name of ponderous earth, and caulk. From its 
infolubility in water, it cannot be formed artificially but in 
the ftate of white powder. In nature it occurs in cryftals, in 
the form of tranfparent plates, or ratlier four-fided prifms, 
the bafes being rhombs; the primitive form of the cryftals 
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being the fame. To all appearance, it is the mod foluble fult 
v. hich has occurred. Boiling water diffolves more tlun half 
its weight, but cold water diflblves only Vjth. Boiling ful- 
phuric acid diflblves it, but it is precipitated by the addition 
of water. When expofed to the heat of 35° of Wedge- 
wood, it fufes into an opaque glafs or enamel. No Tingle 
acid or bafe is capable of decompofing this fait, but the car- 
bonates of potafli and foda are faicl to dccoinpofe it by 
double decompofitiun. The mod eflbdfual way of feparating 
the earth from it, is to expofe it mixed with faw-dud, in a 
covered crucible, to a drong red heat for feveral houi* . 
The fulphate is by this operation converted into a fiilphuret, 
which is foluble in water. The Iblphur may now be feparated 
by weak nitre, or acetic acid, which diflblves the barytes. 
The acid may afterwards be driven off by a red heat. The 
analyfis of Kirwan, which Teems the moll con ed, is 
Barytes - 67 

Sulphuric acid 33 


Aikia makes it 

Barytes - 66.04. 

Acid . 33.96 

100 

Dalton’s numbers give the acid 34., and the barytes 63. 
This reduced to 100, gives 

Barytes - ^^*75 

Acid . 33.25 


See Barytes. 

Nitrate of Barytes. See Nitrate of Barytes^ under 
which article the reader is defired to corredl tiie number 
exprefling its fpecific gravity, and to fubditute 2.9Z. 
Accordincf to Kirwan, its con diluents are 
Acid - 32 

Barytes - 57 

Water 1 1 


By Dalton’s numbers, this 1 alt is compofed of two atoms 
of acid, and one of bafe ; and from the lad analyfis it would 
feera tviro atoms of water- Thele would make 2 X 19 b 
68 b 2 X ^ ^ ***• This reduced to 100, gives 
Acid - 31.1 

Bafe - 56.7 

Water - 12.2 


Muriate of This fait may be forinrd preciiely 

by the fame directions as the lad, uling the muriatic acid 
as the folvent. The evaporation being now carried to a 
certain extent, the liquid may be fet afide to cryUallize. 
Thcfe cryllals will be more complete by leaving the folu- 
tion, liiglilly covered with a piece of gaii/.e, to Ipontaiieous 
evaporation. If a few crydals of the f*imc fait are placed 
in the folution as foon as the crydallizatioii begins, they 
will form needles for the new crydals, which may be ob- 
tained of great fize. Under fome circumdanccs the cryf- 
tals are apt to become yellow, but the caufe of this colour 
does not appear obvious. There is another method of 
preparing tlus fait, when the carbonate of barytes cannot 
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be procured, by fird converting the fulphate, which is 
very abundant the vicinity of mod lead-mines, into a 
fulphuret, as diredied in decompofing the fulphate of 
biu'ytea, and adding muriatic acid to the fulphuret. This 
precipitates llie fulphur, and forms muriate of barytes. 
This folution, filtered and evaporated, affords crydals of the 
fait, d ht. fi* crytlali are in tlic form of plates, but when 
examined, they are four-fided prifms, with fquare bafes. 

It has a drong and difai^reeable talle, and is faid, like 
tlie red of tlie barytic flits, to he poiionous. It is not 
altered by cxpofiire to the air. It dillolvts in about twice 
its weight ul water at 60“, an<l is not much more foluble 
in hot water. Ilcncc its cryflallization is to be efFcdled by 
a how evaporation, rather than by a flow cooling. It de- 
crepitates at the iiiine heat that other falts do, and is not 
dccoinpofdblc at the dronged heat. In the filled Hate it is 
cotifidered, by the new iloCfrinc, as a compound of chlorine 
and barium, which would in the icx? be 65.5 barium, and 
3J4.5 chlorine. 

In its crydallinc date, Kirwan makes its compofition toh* 
Acid ~ 20 

Barytes - 64 

W ater - 16 


Fourcroy’s analyfis gives 

Acid - 22.93 

Barytes 62.47 
V/ater - 14.6 


Aikiii I gi«'cs 

Arid ~ 24 

Barytes - 60 

Water - 16 

100 

Dr. WoUadon’s fcalc gives for the dry fait 
h cul - 26 

Barytes - 74 

100 

Aid the cryflallized would be from the fame 
Acid - 22.25 

Bafe - 63 

Water - H*75 

100 

Dalton's numbers will give 22 acid, 68 bafe, tncl 16 
water, which per cent, is 

Acid 2C>.75 

Bale 64.1 

Water 15.15 


This fdlt i.s iifed only as a chemical tefl for deleting the 
prcfcnce of fulphuric acid, and in determining the propor- 
tion in which that acid exids in different bodies. See 
Bakytes. 

The muriate of barytes is prepared, according to the direc- 
tioiw of the Edmb. Pharm., by mixing together three parts of 
water, and one part oi inurutic acid, and adding qne part 
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of carbonate of barytes broken into fmall pieces. When 
the cfFervefcencc terminates, digell for an hour ; then filter, 
and after due evaporation let the folution apart, that cryllals 
may be formed ; and repeat the evaporation as long as any 
cryflals are formed. If the carbonate of barytes cannot be 
procured, the muriate of barytes may be formed in the fol- 
lowing manner ; 

“ Take of fulphate of barytes, two pounds ; charcoal in 
powder, four ounces. Roafl the fulphate, that it may be 
the more calily reduced to a very fine powder, and mix it 
with tiif powder of charcoal. Put the mixture into a cruci- 
ble, and having fitted to it a cover, let it be expofed to a 
ftrong fire for lix hours ; then, having well triturated the 
matter, put it into fix pounds of boiling water, in aglafsor 
earthen vcfiel, and mix by agitation, preventing, as much 
as poflible, the atlion of the air. 

“ Let the velTel Hand in a vapour-bath until the undifTolved 
part (hall have lubfidcd, and then pour off the liquor. Pour 
on the refidue four pounds of boiling water, which, after 
agitation and fubfidence, add to the former liquor ; and 
then, while it is Hill hot, or, if it (hall have cooled, after 
it is again heated, let muriatic acid be dropped into it as 
long as any effervefceiice is excited. Then let the folution 
be Altered and evaporated, that cryllals may be formed.'* 

Several other methods have been propofed fur tlie pre- 
paration of this fait, the bell of wliich is the following, 
recommended by Bouillon la Grange (Annales de Chimie, 
xlvii. 1 3 1.) Pulverize together equal parts of fulphate of 
barytes and muriate of lime ; projodt tlie mixture into a red- 
hot crucible, and let the fire be continued till the whole be 
melted, which is then to be poured out on a heated tile. 
After it is cold, reduce the maf*. to powder ; boil it for 
fome minutes in fix times its weight of dillilled water, and 
filter the folution : then evaporate the liquor to a pellicle, 
and fet it afide to cryftallize. l''hc cryflals require to be 
re-difTolvcd and again cryftallized, to free them from atiy of 
the calcareous muriate they may retain on the firil cryflalliza- 
tion. The Edinburgh procefs, liowcvcr, is Hill preferable 
to this of La Grange, as the previous calcination reduces 
any metallic falls that may be combined with llie fulphate ; 
and being thus rendered infolublc, they are feparated during 
the firil lolution of the fulphuret. Goclling advilrs muriate 
of foda to be added to the charcoal, by which a fmallei* quan- 
tity of charcoal is capable of reducing a larger quantity of 
fulphate of barytes. A mixture of one part of muriate of 
foda and two parts of muriate of lime is fiiHicient to de- 
compofe fix of fulphate. 

Muriate of barytes has an acrid, very naufeous, bitter 
tatte. It cryftallizes in grouped quadrangular tables, be- 
velled on the edges ; tranfparent, white, and very brilliant ; 
of a fpecific gravity of 2.8257 ; and not alterable from cx- 
pofurc to the air. When heated, it decrepitates, becomes 
opaque, and ultimately melts, but is not decomnofed. One 
part requires three of water at Oo" for its lolution, and 
2.20 of hot water. According to Kirwan, the conHituciUs 
of joo parts of this lalt are, 64 of barytes, 20 of muriatic 
acid, and 16 of water. It is ufed only for forming the follow- 
ing folution, which is diredled in the Edinb. Phann. to be 
prepared by difl’olving one part of the muriate of barytes in 
three parts of diHilled water. This folution poflefl'es all the 
chemical and medicinal properties of the muriate. It is lim- 
pid, tranfparent, and colourlefs ; but is rapidly dccompofcd 
by the earthy, metallic, and alkaline fulphatesand nitrates ; 
the alkaline phofphatee, borates, and carbonates, being 
precipitated in the form of a white powder. Its aHinity for 
lulphuric acid is fo great, that, as a re>agent, it is capable 
of dete£ting o«oooo9 of that acid in any fluid. 
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This folution is Himulant and deobfiruent, and in large 
dofes poifonous. It was introduced into pradlice by the 
late Dr. Crawford as a remedy for cancerous and ferophu* 
Ions affedlions ; and its ufe was afterwards extended to 
fyphilis. When taken in moderate dofes, it appears to in« 
creafe the fecr^tion by tlie fkin, augments the flow of urine, 
and improves the tone of the lyllem ; but by large dofes, 
violent vomiting, purging, vertigo, and the moH dangerous 
fymptoms, are produced. It has undoubtedly been found 
beneficial in feveral infiances of fcrophula, in fome cutaneous 
affedlions, and in ulcerations connedltd with elephantiafis ; 
while in fyphilis it has the power of fufpending fome of the 
fymptoms for a fliort period. But although it be a me- 
dicine of fome efficacy, yet, to ufe the words of Mr. Pear- 
fon, in whofe opinion of its deficient powers as an antify- 
philitic we place implicit faith, its “ good qualities are un- 
certain in their operation, and narrowly ciicumfcribed ; nor 
is it a preparation on which great confidence can be placed 
for the cure of any difeafe.** The dole requires to be care- 
fully apportioned, and very gradually increafed, until from 

V, which are fufficient at lirH, )}[ xx be taken twice a 
day; or more, if naufea be not excited. 

It is fometimes ufed externally as an efcharotic to fungous 
ulcers and fpecks on the cornea. Thoinfon*s Difp. 

Phofphatc of Barytes * — The moH fimple procefs for form- 
ing this lalt, is to add a folution of phofphate of foda to 
a folution of muriate of barytes. The acids exchange 
bafes, and the phofphatc of barytes is precipitated in the 
form of a white pow'dcr, having no tafle. This fait is not 
foluble in water. Its fpccilic gravity is 1,2867. With 
the heat of a furnace it melts into a white enamel. Its 
coTupofition is not known by analvfis, but by theory it 
fliould conlill of 

Barytes - yjj.j 
Pholphoric acid 24.5 
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The phofphorous acid combines with barvtcf^ by treat- 
ing pholphaie of fod.i witli the muriate of barytes. It is 
inloluble like the lall, and has no very diHinguifning cha- 
ra(Hers. 

Fluiite atul Borate of liaryL s. — 1. it tic known. 

Carbonate of Barytes *— lalt cxifts in nature in 
feveral parts of I'bigl ind. It was firfl difeovered bv 
Dr. Withering, and has been very improperly called 
Witherite. 

The form of its cryflals in the native (late is various. 
It is found with double pyramids, fometimes with fix and 
alfo with four fides. It alio occurs in fix-rid^‘d prihns, 
terminated by liinilar Tided pyramids. It frequently appears 
like bundles of needles radiating from a point. Its fpocifw 
gravity is 4*331. It is laid to be foluble in of cold, 
and of boiling water. It is not altered by cxpofuie 
to the air. Its compoiition, according to Withering, is 


Carbonic acid 

20 

Barytes 

80 


100 

Accoiding to Pelletier, it is 

compofed of 

Acid 

22 

Barytes 

62 

Water 

)6 
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This fait may be prepared artificially by adding car- 
bonate of potafh to muriate or nitravc of barytes. The 
fait is pri?cipitated in a white pov/dor, which requires to he 
feparated by filtering, wafiiiiig, and drying. This powder 
is of the fpecific pravity 3.763, Its coiiipofition, accord- 
ing to Bergman, is 


Acid 

7 

Barytes - 

65 

Water ^ 

2v} 
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According to Kirwan, the i 

guired fait ii 

Acid 

22 

Barytes - 

78 


ICO 

By Dr, Wollafton’s fcalc, it 

is 

Acid 

22 

Bar) tos - 

71^ 


100 

By Dalton’s numbers, 


Acid 

22 

Barytes - 

78 


There is in all probability a bicarbonate of bary tCo, which 
18 much more foluble in water. Tin's would coufill of 
Acid - 38 

Barytes - 68 
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Arfcntate of Baryta, — Thhi is an infolublc fait, little 
known. 

Molybdate and Chromate of Barytes. — Not kno\vii. 

Acetate of Barytes — This fait may be formed by dif- 
fidving the carbonate of burytes in acetic acid. By eva- 
poration it affords cryftuls in the form of nf-edlcs, whit'h 
are fix-fided prifms. It has ?n acid bittcriHi tufte, and 
is foluble in water ; it fligluiy efRorcTccj in the air. See 
Acetite of Barytes, 

Oxalic acid in excefs, added to br.rytc'^, c'v il’tntes a fiipcr- 
acetate, which affords cry Hals, aiid is fp.c ii'i^.ly foluble in 
water. When neutral it bocemf-s an uifolubti- powder. 

Tartrate of Barytes. — Not brown. 

Citrate of Bar ytes,^QAU\z jrid iliff.dves bu*\t .‘S, forming 
at firft a white powder, but gracluuliy affumeii tiio form of 
filky flakes of a beautiful aTipc^rance. 

Benzoate of Barytes is fidiiLle in water. 

The reft of the falls of barytes are at prcfi'nt bi:t 
known. 

Sulphate of Ammonia, — This fait is fovm:d bv faturnting 
carbonate of ammonia with fulpluiric Hy evapora- 

tion it affords cryftals, which are fix-fidid puims, tcrmi- 
riatcd by fix Tided pyramid s Thrfe are ( xtr ^nicly InrJl, 
like needles, when the evaporation is too r ipid. 

Its tafte 18 fharp, bitter, and difagrceriblc. It ddl’olvcs 
in two parts of water at 60®, and in hair that (;uanlily of 
boiling water. 

It becomes moift by expofure to the nir. 

'^•’hen heated it decrepitates. If the heat be conllniicd 
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it fubllmc‘->, lofu'.g a part of the alkali, and pafTiug to th^ 
flatc of a lupcrdali. I’he heat at length favours the de- 
compofition of the acid by the hydrogen of the ammonia, 
by which a- otic gas i*; ]u’(»duced. 

Its coirpofilion, according to Kirwan, is 
Acid - 54.66 

Ammonia 14.24 
Water - 31.1 

lOD 

By Dal((U!*a rfimbers, and fuppofin.; die fait to be con. 
fiiliitcd by one dLv)in of acid to two atoms ot ammoma, \vc 
h.ive 

Acid - 74 
Ammonia 26 


See CArinvATK 0/ Amtnonla. 

Nhrive of A ) noma . — rins fait Is formed by adding c:m- 
bonate ( i .numo iiu to nUric acid till 1 he efrLTVt.fceiice t- ah s. 
On eva^y tins fiU crylLilli/cs in long prifn.atic 

crydals, tenmaating m pyv.imids. To give tfici.i the latter 
form, evajKM .Jt.- jii is made amIi a low heat, not niore 
than 100'. Who i ^vapoiatcd at the b 'lbng p(>ini, ih; 
cryftals allb'ne n dbnuts form. If the heat be ft ill raifed 
higher up to 250' or 300^, the mafa on cooling affiiines a 
compact form. 

Th-* trOe of ti.:s fa^t ii very acrid and d,rrgnea!)Ie, 
Its fpecific i;ravity i'- 1.57K5, ll is folnblc in iv.o j>arts 
of cold, and in half its Vv eight of boiling water. It is de- 
liqu'dccnt m I 'no air, 

'When the cry Hals of this fait are put into a glafs re- 
tort, ami placed over an Argand lamp, it melts at abtnit 
lOo^, By l:e<’] i:.g it in a boiling ftate, the water dillils 
over, and tlie he;.t lequircs to be gradually i'aifcd in order 
to keep up the clnjlbtmn. When the temperature reathes 
about ii numb r of britdit bubbles begin to appear i »i 

the fiirhice, aftuming a d. ft 'rent appearance to that of ti.e 
boiiip.g of a ftuid. Th -i'e bubbles refult from the dccoj.i- 
pofitiou of the fait, and are no other lliaii the gas calh il 
nitrous oxvd, wbicli comes rapidly over. The whole fait 
is, in ll-:. proc’fs, converted into water and nitrons ox)d, 
and ulti:r.a/'dy tli* retort becomes empty, (b/'c Nurons 
OxvD. ) The dccoinpofitr'^n of this l.ill iufticiei tly points 
out its cfceftituentq ?nd admits of a fimp].* eX|)La)atioii by 
Dalton’s number .. Idis number for nitric acid ig 19, nuz, 
I of azote c : 2, of oxygen 2 -c 7. 1 1 is atom of am- 

monia confilts of 1 of ii/.ole, 5, and i of fiydrogen, i, and 
the number for it will be 6 . 'fhe nii’^ate of amm.onia is 
therefore conftitut(d by x atom of m;ric a( .d, 19, and i 
of ammonia, 6 . An atom of hydrogen in the an)n*-m:.\ 
combines with i of oxygen in the nitric acid, for;uing 
water, and the azote of the ammonia combines wntli the 
other atom ci oxygen and azote of the nitric acid, forrriing 
an atom of nitric oxyd, w'hicli ir> conftituted by l atom of 
oxygen and 2 of azote. The whole fait brng made of 2 
oxygen - 14, 2 azole lO, and of i of hydrogen j, 
the whole being 25, the refult will be i 4* 7 8 water, 

and 7 4- 2 X 5 17, the nitrous oxyd. Hence the fait 

wdll be per cent, without water. 

Acid 76 
Ammonia 24 

ICO 
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The fait in prifmatic cryftals will contun an atom of 
water, and will then be, acid 57.5, ammonia 18.2, water 24.3 ; 
amounting to icx>. 

According to Kirwan's analyiiSi it is acid 57, ammonia 
23, water 20 ; amouniug to icx). See Ammonia. 

I^uriate of jimmonia* See Sajl Ammotuac* 

Phofphate of y/wwouw.-— This fait is prepared, like the 
laft, by adding carbonate of ammonia to phofphoric acid. 

By evaporation it forms cryttals in the form of four- 
fided prifms, terminated by pyramids. When thefe are 
fmall they appear like needles. It has, like moft of the 
ammoniacal falls, a (harp difagreeable tafte. 

It diffolves in two parts of water at 60®. It is deliquef- 
cent in tlie air. 

When heated in a retort, the fait firft parts with fome 
ammonia, leaving the fait in the ftate of a fupcr-falt. 

The acid undergoes decompofition, probably from the 
hydrogen of the ammonia, as fome phofphorus comes 
over diffolved in ammonia, and in the ftate of phofphuretted 
hydrogen. Ultimately all the ammonia is expelled, leaving 
the phofphoric acid in the ftate of glafs. 

There feems to be no accurate analyfis of this fait. 

Fluate of Ammonia , — This fait is obtained by faturating 
carbonate of ammonia with liquid fluoric acid. It cryftaU 
lizes and fublimes by heat. 

Subcarbonate of Ammonia — To form this fait in a ftate 
of purity, let live parts of dry powdered chalk be mixed 
with three of muriate of ammonia, alfo very dry and in 
owder. Place the mixture in a crucible of clofe texture, 
aving a groove round the top ; let a difh-like or conical 
i^efl’el of the materials be inverted over this, and filling the 
groove. This latter veffel (hould have a fmall hole in the 
top, with a ftopper, to remove occafionally. Place the 
lower veflel in a gentle fand heat. The carbonic acid of 
th^ carbonate of lime combines with the ammonia of the 
muriate, forming carbonate of ammonia, which fublimes at 
the heat of boiling water. This fait condenfes into a cake 
in the inverted veliel, having a cryftalhne texture. In this 
ftate it is fold in the fliops, under the name of volatile 
fait. 

It is of a fine white colour, having a ftrong fmell of 
ammonia, and a flightly acrid yet cooling tafte. It changes 
moft vegetable blues to green. Its fpecific gravity is 
0.966. It is infoluble in alcohol, but diflblves in two 
parts of cold water, and is much more foluble in hot water. 
Boiling water volatilizes it. This lalt property has ren- 
dered It ufeful to paftry cooks. It is diffolved in the water 
or milk with which the pafte is made. In the baking, the 
fait rifes in vapour, and makes the paftry light and foney- 
combed. When expofed to the air, it foon lofes its ftrong 
fmell, and is converted into a fait, which contains juft half 
the quantity of ammonia, and which is named carbonate of 
ammonia. 

The compofition of this fait has the appearance of be- 
ing very irregular. 

When newly formed its proportions are, by Dr. Wollaf- 
ton’s fcale, carbonic acid 44, ammonia 56 ; amounting to 
100. 

When it has been expofed to the air till it has no fmell, 
its compofition will be, acid 82, ammonia 18 $ amounting 
to 100. 

Bergman makes its conftituents to be 45 parts of car- 
bonic acid, 43 ammonia, and 12 water, — ^in 100 parts; by 
which there would appear to be feven grains of ammonia in 
excefs ; but fir Humphrey Davy has found, that the quantity 
of alkali varies according to the temperature that hat been 
c*inplayed in the preparation ; thus, when it is formed at a 
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temperature of 300% it contains rather more than 50 fer 
cent, of ammonia ; but produced at a temperature of 6oS it 
contains only 20 per cent. 

The carbonate of ammonia of the Lond. Pharm. is formed 
by pulverizing feparately one pound of muriate of ammonia, 
and two pounds of prepared chalk, dried : then mixing 
them, and fubliming with a gradually increafed heat, untu 
the retort becomes red-hot. The carbonate of ammonia 
of the Edinb. Pharm. is prepared by taking one pound of 
muriate of ammonia, and two pounds of fofter carbonate 
of lime, dried, pulverizing eacli of them feparately, mix- 
ing them, and fubliming from a retort into a receiver kept 
cold. That of Dublin is formed bv mixing muriate of 
ammonia, reduced to powder, and well dried, carbonate of 
foda dried, of each half a pound; putting them into an 
earthen retort, and fubliming with a heat gradually in- 
creafed into a receiver kept cold. This fait, notwith- 
ftanding the name by which it is defignated in tlie refpedtive 
colleges, is merely a fubcarbonate. Subcarbonate of am- 
monia is decompoled by the acids, the fixed alkalies, barytes 
and lime, and partially by magnefia. 

As an article of the Materia Medica, this fait is ftimu- 
lant, antifpafmodic, antacid, diaphoretic, and in large dofes 
emetic. It is beneficially given in gout, hyfteria, and dyf- 
peptic affedions, when much acid is prefent in the ftomach ; 
and in infantine convulfions conneded with dentition, or 
with acidity of the prirnae viae. As a diaphoretic it is oc- 
cafionally exhibited in chronic rheumatiCm, in combination 
with guaiacum ; and fometimes, though rarely, it is em- 
ployed to produce vomiting in gouty and paralytic cafes. 
From the ammonia it contains in excefs, the fubcarbonate 
is applied as a local ftimulant to the nofirils in fyncope, 
hyfteria, and languors ; and with the addition of a little 
feent forms the common fmelling falls of the (hops. The 
ordinary dofe is from grs, v to gre. xx, formed into pills, 
or diffolved in any aqueous vehicle ; but to excite vomit- 
ing Sfs may be given for a dofe, and repeated, if neceffary, 
aiiiiting its operation by plentiful dilution. 

Its officinal preparations are as follow : “ Liquor 

ammoniac carbonatis,” or folution of carbonate of ammonia, 
which the Lond. Pharm. direds to be prepared by diffolving 
8 oz. of carbonate (fab-carbonate) of ammonia in a pint of 
diftilled water, and filtering through paper. The “ Aqua 
carbonatis ammonite, or water of carbonate of ammonia, 
formerly water of ammonia, or fpirit of fal ammonia, of the 
Edinb. Pharm. is formed by pouring 2 lbs. of water on 
muriate of ammonia and carbonate of potafs, of each 16 oz. 
mixed and put into a glafs retort ; then diftilling to drynefs, 
from a fand-bath, with a fire gradually raifed. The water 
of carbonate of ammonia of the Dubl. Pharm. is prepared, 
by diftilling, with a fire gradually raifed, 2 pints from a 
pound of muriate of ammonia, 28 oz. of carbonate of foda, 
and 3 pints of water. The fpecific gravity of this liquor 
it to that of diftilled water as 1095 to 1000. This folution 
has the odour and tafte of the concrete fub-carbonate ; it it 
limpid and colourlefs ; and when (haken with twice its bulk 
of alcohol, a coagulum, nearly uniform, ia formed. Its 
medical propertiet and ufes are the fame with thofe of the 
concrete fait. It is given in dofes of from f 3 b to f 5 j in any 
bland fluid. 

Other preparations of the carbonate (fub-carbonate) 
of ammonia, are the London << Carbonate of potafh,** 
the Carbonate of foda,” (fee Carbonate, Potash^ 
and Soda,) the Liquor ammoniac acetatit,” (fee: the 
next article,) and Cuprum ammoniatum.” The latter 
it formed according to the diredion of the Lond Pharm* 
by rubbing together in a glafs mortar half an ounce of 
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fulphate of copper and 6 drachms of fubcarbonate of 
ammonia until the cffervefcencc ceafes ; then wrapping up 
the ammoniacal copper in bibulous paper, and drying it 
witli a gentle heat* The ‘‘ Ammoniaret of copper** of the 
Edinb. Pharm. is obtained by rubbing thoroughly together 
in a glafs mortar 2 parts of pure fulphatc of copper with 

parts of carbonate of ammonia, until the effervefcence is 
niflied, and they unite in a violet -coloured mafs, which, 
wrapped up in bibulous paper, is dried, lirfl on a chalk 
ftonc and afterwards with a gentle heat. It is preferved in 
a wcll-llopped glafs phial. The Dublin Pharm. direds 
the ammoniated copper to be prepared by nibbing an ounce 
of fulphatc of copper with an ounce and a half of car- 
bonate of ammonia, in an earthenware mortar, uritil the 
effervefcence has ceafed^ and they unite in a mafs, which is 
dried, wrapped up in bibulous paper, or preferved in a 
phial clofed with a glafs ftopper. Sec Copper. 

This preparation has the odour of ammonia, a hot, 
ilyptic, metalline tafle, and a rich blue colour. Expofurc 
to the air deftroys the blue colour, and ^ives the lalt a 
greenifh hue. Ammoniated copper is tonic and antifpaf- 
modic. It has been principally employed in epilepfy, as a 
remedy for which it was firft propoled by Dr. Cullen, and 
it has fince been employed with advantage ; though Mr. 
Thomfon fuggefts from his own trials that it docs not warrant 
any great dependence. The dofe is gr. gradually iii- 
crea^d to grs. v, given twice a day, either firaply in pills 
of crumb of bread, or combined with valerian. The fo- 
lution of ammoniated copper (Lond. Pharm.) is formed 
by diflblving a drachm of the copper in a pint of diilillcd 
water, and filtering the folution through paper ; or the 
water of ammoniated copper (Dub. Pharm.) is prepared 
by mixing together 8 fluid-ounces of lime-water, i fcruples 
of muriate of ammonia, and 4 grains of prepared verdigris, 
digefting for 24 hours, and pouring off the clear liquor. This 
folution is detergent and mildly elcharotic ; and it forms an 
ufeful local ftimulant for cleaning foul indolent ulcers, and 
difpofing them to heal ; and it is alfo employed, flill 
more largely diluted, for removing fpecks from the cornea. 
Thomfon. 

The arfeniates, molybdate, and chromate of ammonia, 
are but little known. 

Acetate of Ammonia, (See Acetate Ammonia*) Its 
cryffals, which are difficult to obtain from the volatility of 
the fait, are in the form of neetiles. 

It is capable, like the carbonate and muriate of ammonia, 
of being fublimed when its cryffals are much more com- 
plctc. 

Thefe are of a pearl-white colour. It has a fwcetifti 

cooling taffe. . 

It is deliquefeent in the air. It melts at 1 70% and is vola- 
tile at 250^ . , . , r 

Its compofition has not been determined with preciiion. 

The liquor ammonise acetatis’’ of the Lond. Pharm. is 
prepared by adding four pints of (diluted) acetic acid to 
two ounces of (fub) carbonate of ammonia, until the 
vefcence ceafes* The water of acetite of ammonia, 
(Edinb.) or « fpiritus Mindereri,’' is formed by pouring on 
any quantity 01 carbonate of ammonia in powder as much 
diffilled acetous acid as will exa6lly faturate the ammonia. 
The water of acetate of ammonia** (Dubl. ) is prepared 
by adding in fmall portions, with frequent agitation, 34 pints 
or diffilled vinegar to two ounces of carbonate of ammonia, 
or as much as will faturate the ammonia, which may be 
afcertaine.d by means of litmus. This folution is inodorous, 
has a (lightly naufeous taffe, and when made with pure 
terialsi S limpid and colourlefs. It is decompofed by acids, 
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the fixed alkalies, the ffrong acids, oxy muriate of mercuiy , 
and nitrate of filver, which are therefore incompatible with 
the formulae preferibing the ufe of it. As a diaphoretic 
it is in common ufe in febrile difeafes, combined with opium, 
camphor, antimonials, or nitrate of potafa. It is neceffary 
to affift its determination to the (Icin with plentiful dilution, 
and a moderate degree of external heat ; for by free expo- 
fure to cool air it excites the kidnics, inffcad of opening the 
(kin. Externally, it is employed as a difcutient ; UsS a lo- 
tion to inflamed furfaces ; and when diluted with rofe-watcr 
holding in folution a fmall portion of opium, it is an excel- 
lent collyrium in chronic ophthalmia ; and flill more largely 
diluted, is occafionally ufed as an injedion in the commence- 
ment of gonorrhoea. The ordinary dofc is from f 5 ij to f 3 xij, 
given every three or four hours. Thomfon. See Ammonia, 
and Sal Ammoniac. 

Oxalate of Ammonia . — This fait is formed like tlie laft. 

It does not cryftallize ; it is employed in folution as a che- 
mical tefl: for lime. 

Tartrate of Ammonia . — This fait •. a cooling, bitter 
tafle, and is very foluble in w'ater. It is decompofed by 
heat. It combines with cxccfs of acid, forming a fait ol 
little folubility, fimilar to the fupertartrate of poiafli. 

Salts, Earthy ^ are compounds of the acids with tin 
pure earths, rcfembling the (alts formed by tlic combination 
of acids with alkalies. Some of them arc cry(hillizablc, and 
foluble in water ; others are nearly infoliiblc : fome of them, 
confidered in a medical view, exert fcarcely any adion in the 
animal economy ; while others arc poffeffccl of great adivity, 
and produce very ftriking elfcds. 

The following Table, which we extrad from “ Thom- 
fon*s London Difpenfatory,** fhews the folubility of the 
above earths, and of the compounds which they form with 
acids. 



Sol ubillty 

Ariils which 

in comhinaiion wiih thefe 
Earths, (orni 

Earths. 

in one Part 
of WuiPr. 

Soluble 

Cot[)|)OUIuls. 

Compounds 
foarcely foluble. 

Itifoluble 

Compounds. 

Lime 

0.002 

Nitric 

Muriatic 

Acetic 

Benzoic 

Sulphuric 

Boracic 

Phofphoric 

Carbonic 

Arfenic 

Magnolia 

0.000 

Sulphuric 

Phofphoric 

Nunc 

Muriatic 

Acetic 

Benzoic 

Succinic 

Boracic 

Carbonic 

Barytes 

0.050 1 

Nitric 

Muriatic 

Acetic 

Benzoic 

Succinic 

Sulphuric 

Phofphoric 

Carbonic 

Boracic 

Arfenic 

Alumina 

0.000 

Sulphuric ! 

Nitric 

Muriatic 

Acetic 

Benzoic 


Phofphoric 

Carbonic 

Boracic 

Arfenic 
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The following Table, extracted from the valuable work already cited, and formed on the more general table of 
Dr. Thomfon, in his excellent « Syftem of Chemiftry,” 4tli ed. iii. 568, prefents a fynoptical view of the neutral 
falls with alkaline and earthy bafes, employed as remedies, or for pharmaceutical purpofes. 


Sulubility in 100 


Saif, 

Tafle. 

Figure of Cryftals. 

Aiftion of Air. 

jjarts of Water 

A6bon of Heat. 

Sulphate of barytes 

None 

Rhomboidal prifms 

None 

0.002 

0 

Decrepitates. 

pO! afh 

Bitter 

Six-fided prjlms 

None 

6.25 

*4 

Decrepitates. 

fotla 

Bitter 

Six-fided prifms 

Efflorefees 

35 

125 

Watery fufion. 

magucfia 

None 

Four-fided prifms 

Efflorefees 

100 

‘33 

Watery fufion. 

Alum 

Ailringent 

Oftahedrons 

Little 

5 

>33 

Watery fufion. 

Nitrate of pot afh 

Cooling 

Six-fided prifms 

None 


100 

Melto. 

Muriate of barytes 

AUrlogcnt 

Four-fided prilms 

None 

43 


Decrepitates. 

foda 

Salt 

Cubes 

None 

3546 

36.16 

Decrepitates. 

lime 

Bitter 

Six-fidcd prifms 

Dcli(jucfceo 

1400 


Watery fufion. 

ammonia 

Acrid 

Four-fided pyrtt- 

Subdeliquefees 

1 3 * 


Sublimes 



mids 





— magnefia 

Bitter 

Needles 

Deliquefees 



Watery fufion. 

Hyperoxymuridte of potafh 

Cooling 

Rhomboidal plates 

None 

6 

40 

Gives out oxygen. 

Piiofphatc of lime 

None 

Six-fided prifms 

None 

0 

0 

Little. 

foda 

Salt 

Rhomboidal prifms 

Efflorcfccs 

*5 

50 

Watery fufion* 

Borax 

Styptic 

Six-fided prifms 

Subefflorefees 

5 

16.8 

Watery fufion. 

Carbonate of barytoi 

None 

Various 

None 

0.023 

0.043 

Little. 



None 

Rhomboidal prifms 

None 

0 

0 

Decrepitates. 

potafli 

Alkaline 

Four-fided prifms 

None 

25 

83 i 

Watery fufion. 

foda 

Alkaline 

Octahedral trun- 

Efflorcfccs 

50 

100 *f 

Watery fufion. 



cated 





magnefia 

None 

Six-fided prifms 

Efflorefees 

2 


Decrepitates. 

ammonia 

Urinous 

Irregular 

None 

50 + 


Evaporates. 

Acetate of potafh 

Hot 

Plates 

Deliquefees 

99 


Melts, 

— ammonia 

Cool 

Slender prifms 

Deliquefccs 

Very foluble 

Melts and fublimes. 

Tartar 

And 

Irregular prifms 

None 

1 ® 

* y 

3 5 

Melts. 

Tartrate of polafli 

Bitter 

Four-fided prifms 

None 

25 


Melts. 

potafli and foda 

Bitter 5 * 

Eight-fidcd prifms 

Efflorefees 

25 


Melts. 


Sai.tu, Metallic. Sec in the Materia Medica. 

The reader is defircd to infert in tliat article, for Todd’s 
London Difpenfatory, Todd Thomfon’s, 

Salt, Bitter, Purging, or Epjbm. See Sal, Efsom 
Salt, and Sulphate of M aon’Lsia. 

Salts, Crspallrtahk^ in Chemiflry, diflinguini and com- 
prehend all faline matters fiireeplible of cryllullization ; in 
contradiftin^lion Salts; which fee. 

Salt of Cokuthar is a white faline matter, obtained by 
lixiviating colcothar. 

Salts, Deliquefemt, a denomination comprcl tending all 
faline matters, which may be obtained by cryftallization, or 
drying in a concrete form, but which, when expofed to the 
air, imbibe itsmoilliire, and lofe their concrete cryftallized 
form, deliqiiiating into a liquor by means of this inoiilurc. 
Sec Dlliooescence. 

Salt, Diuretic. See Sal Diureiicus, and Acetate of 
Potajh. 

Salt of En^land^ is a name given to a very redtified, con- 
crete, volatile alkali obtained from filk ; and alfo to the 
concrete volatile alkali obtained from fal ammoniac. 

Salts, EJfential, include all concrete faline matters 
which preferve the fmell, taftc, and all other principal qua- 
hties or bodies from which they were obtained, which bodies 
are only vegetable or animal. The ufual method of pre- 
paring them is by evaporating, to almoll the confiftcnce of 
a fyrup, the liquors containing the eiiential fait, the 


exprefled and depurated juices and ftrong decoftions, and by 
keeping them in a cold place. From many of thefe liquors, 
faline matters or cryftals are depofited upon the fides of the 
containing veflelb after a confiderablc time, and after they have 
undergone a kind of fermentation. Thefe cryftals, which 
are always very red, may be purified by diffolving them in 
w^ater, hitrating, evaporating, and cryftallizing. Thefe 
mineral falts are extraneous to the vegetables and animals 
fr<im which they are obtained j and arc procured in the fame 
ftate in which they were introduced. The beft known of 
thefe efl'ential falts is tartar ; which fee. 

Salts, Fixed, a name given by many chemifts to the 
falts obtained from the aftics of plants, which, not having 
been difilpated by fire, ought to be confidered as fixed, in 
comparifon of the other faline matters of thefe plantb, 
which evaporate during their deflagration. As the faline 
fubftances remaining in the afhes of vegetables are entirely 
or chiefly alkaline, the name of fixed fait has become fynonx- 
mous with that of Fixed Alkali ; which fee. But other 
faline fubftances, as moft neutral falts, which hav^ not 
bafes of volatile alkali, are nearly as fixed as fixed alkali. 

Salt, F^le. Sec KocK^Sah and Common Salt. 

Salts, Fluor, diftinguifli and include all faline fubftances, 
which cannot by any method be rendered folid ; fuch are ni 
trous and marine acids, volatile alkali altered by quicklime, 
and fome others. 

Salt, Ftfibk, of urine, called alfo native or eJMal fait 
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urincf phoAhorie falt^ and microcofmic falty is a neutral 
fait, compoied of phofphoric acid, faturated with an alkali 
fixed or volatile. 

It is beft prepared from putrefied human urine ; but it may 
be prepared from frefli. A quantity of the urine of found 
beer-drinking men being putrefied in a moderate heat, and 
then flowly boiled in glazed earthen veflds to the confillence 
of a fyrup ; if this liquor be placed in a cellar or cool place, 
in about four weeks time, or fooner in winter, cryilals of a 
peculiar figure will be formed. But thefe, being impup*, 
mull again be diflblved in a fufficicnt quantity of water, 
and filtered as hot as pofiiblc through grey paper, and tlie 
folution again put in a cool place, where, in a few clay'i, 
cryilals will again be formed much cleaner than the fortner. 
Thefe being feparated from the liquor and dried, the opera- 
tions of folution, filtration, and cryftallizatiim, mull he 
reiterated twice or thrice, till the fait becomes pcrfcdlly 
white and without fmell. 

Mr. MargrafF fays, that a hundred, or a hundred and 
twenty mealurcs of urine, give about three or four ounces 
of this fait, >Ahich always cryftallizes firll, and is eafily 
dillingui filed from that which appears afterwards in cryilals 
of a long and cubical form. 

Tins fait is ammoniacal, but of a peculiar nature. It is 
a faline acid body. By dillillalion an urinous volatile fpirit 
firll rifes. The refiduum may be reduced by a violent fire 
into a pellucid white tranfparcnt mafa like glafs, of a very 
fixed nature, and from which neither acid nor any thing elfe 
can be feparated, without the addition of fomc other 
matter. 

This vitreous fubftance may be entirely dillblved in two or 
three parts of dillillcd water, and is thereby changed into a 
tranfparcnt liquor, fomewhat thick, not unlike the concen- 
trated oil of vitriol, and having the properties of all acids, 
fuch as fermenting with volatile and fixed alkalies, forming 
neutral falts with them, precipitating bodies dilfolvedin al- 
kaline menllruums, and dillolving alkaline earths. It docs 
not dilTolvc gold nor filver : and copper, tin, and lead little, 
but iron very llrongly. It extracts a red colour from fo- 
baltum pro ceruleo% in German, blau farhen kobalde, the mine- 
ral by which glafs is tinged blue. 

But this fait in its dry ftatc attradls metals with much 
more vigour, and with tlicin produces leveral remarkable 
and lingular phenomena ; for all which, as alio fi.r the rela- 
tion their fait bears to acid, aikaline, and neutral falts, we 
refer to the learned author, wlio has alfo examined its effects 
on feveral folutions of ierrt*llnal bodies. One moll eminent 
property is, that mixed with the inflammable part of foot, 
and difiblved in a clofe vcllel, it produces a phofphorus. 
An ounce of this fait of urine, thus feparated from its 
urinous part, and cxaclly mixed willi half an ounce of 
foot, affords in this way a drachm of the bell phofphorus. 
The refiduum did not produce any when trud. 

The learned author Joes not pretend to determine exa^ly 
the true origin of this fait ; he thinks its acid may come into 
the human body from vegetable aliments. He has obierved 
elfewhere, that creffts, milliard, rocket, and even corn, ex- 
ofedto a very violent fire, produce a phofphorus. Hence 
e thinks this acid mull be mixed with thofe fubftances ; and 
the like may happen in other vegetables. He thinks this 
conjrfture rfreriglhcned, becaufe urine m fummer, when 
people eat moll vegetables, always p’ oduces this fait m the 
greateft quantity* MargrafF inMem.de rAcad.de Ber- 
lin, 1746. See alfo Mifcel. Berol. loin. vii. p. 341. 

Mr. Pott obferves, that the figure of fu fibre falts varies 
much according to the heat, evaporation. a7;d Jiff rent mode 
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of cryftallization ; and that it affumes the fhape of mol! 
others, as of faltpctre, vjtnol, fai ammoniac, Glauber's 
fait, &c. but it is generally in fiiining, odagonal, prifmatic 
c^ftals. The tafle of this lalt is cool, refernbling that 
of borax, to which it is in other refpedls fimilar. When 
put on the fire in a crucible, it frotlis, fvvells, and melts. 
When melted upon a bit of charcoal, by means of a blow- 
pipe, it forms a round drop. The it) H als of the fecond 
cryflalli/alioii do alio melt upon charcoal, vvlien they are 
pure, but when cold they have a milky colour. They do 
not, like the cryilals of the firll cryllallization, form phof- 
phorus with phlogillon. Tliey efilorefee in the air, and are 
hot to the tallo, in both which iiilianccs they alfo differ from 
the firll cryilals. 

Sait 0/ GLiJsy called alio Glafs -git Uy is a kind of faliiiff 
Icuin or mafs, found in glafs-liotile pot;, upon the furface of 
the melted glafs. ll coiiiills of neuiial falls, as common 
fait, viiriolated tartar, and otlier;., winch are contained in 
the foda and potafii employed in the coinpofitiou of glaf^, 
and which not being ihemfelves fiil’ci plibie of vitrification, 
are feparated from the glafs during the fulioii, and collected 
together upon its furfacc, becaufe they are fpecifically 
lighter. See Glass, and Sanolver. 

Salt, Glauber* s. See Sal, and Sulphate of Sod \* 

Salt of Hartjhorn, St^t: Qaiidosai L oj ylrnmonia. 

Salts of Count La^araisy a name by which the Trench and 
fome other nations call a preparation of vegetable bodies, 
invented by' the gentleman w hole name it bears, but very 
improperly called by him a fait. 

The hillory of tliefe preparations is this : in the year 
1731, the count de Lagarais (hewed the French king iome 
powders, wliich proved to be very ufeful in medicine, and 
whicli he called the effential Jalts of ictialn plants^ The 
method of making thefe w'as long kept a Iccret, but at 
length, the dilcoverer publilhing it to the world, it appeared 
that they were made by means of water only, agitated in a 
violent and continued manner in a clofe vcffel with an inltru- 
ment n fembling a chwcolate mill. Mr. Langelot had before 
attempted a refolution of this kind of vegetable, and oilier 
fubllaiiccs, by means of water and motion, but his was 
done by grinding them wdth a frnall quantity of water at a 
lime ; whereas this of the couiit’vS is by powdering the in- 
gredients, mixing them with a large quantity of water, and 
breaking them to pieces by a continued motion of this fort 
of mill made with four vanes, or flaps of thin w^ood, whicli 
was kept for fix or eight hours in a continual motion, by 
means of a huger wheel, fuch as the lapidaries polilh Itones 
with. 

There is no doubt but that tlie inllrumcnt ufed by the 
count is of very great afe, and that the refult of the operation 
is a very valuiible form of medicine ; but it is not a fait, but 
an extremely fine extradt, containing the gummy, refinous 
and faline parts of the body, and in a form capable of being 
reduced to powder, and eafily admimftered, as it contains 
the virtues of the plant it ij' made from, in an extremely fmall 
compafs, and is capable of ready folution in aqueous fluids. 
It is certainly a form of medicine worthy to be brought into 
pradlicc, and mull be a very proper way of adminillering 
the more bulky medicines to children, and perfons of tender 
conllitutions. 

'To give a proper view of the nature of thefe preparations, 
and their difference from the extradls made in the common 
manner, it may be proper to enter, in fome degree, into the 
manner of preparing the two forms. The common extradls 
of the limps are made either from the juices of fucculcnt 
plants, as houfclcek, purfiane, or the like ; or from a firong 
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^cco6tion of the other drier plants in common water, which, 
when feparated from the coarfer parts by fubfidence, filtra- 
tion, or the like means, are evaporated over a balneum Marise 
to the confidence of a thick honey. 

In procefs of time, an edential fait will fepafatc itfelf 
from theft' extrads, and many plants have, in the deco^Iions, 
a large quantity of a fine fubdaiice, which will never be made 
to pafs the filter ; and the extrafts, made by this means, 
contain the o;I, the gummy and refinous parts of the plants, 
and the cflcntial falts, though this is but in a very incon- 
fiderablc quantity. Thefe arc the common extracts of 
plants. 

The method of making tliofe extrafts, called count La- 
garais\r faltsy is this. They choofc a glafs veflel, capable 
of holding fix or feven pints, and having a wide mouth ; 
into this they put an ounce of bark, fena, guaiacum, or 
any other vegetable of which they arc to make the extra^, 
fird reduced to a coarfe powder. They pour on this two 
pints and a half of rain-water, or dillilled water, and then 
taking the veflel to the place where the mill is fixed, they 
raile it fo high, that the body of the mill is in the middle of 
the liquor ; then they cover the top of the veflel with a wet 
bladder, that the froth may not he thrown over, and then 
turning the large wheel, they make the mill move round 
very fwiftly in the liquor for fix or feven hours together ; 
after this they let the liquor fettle for an hour or two, till 
only the finer parts of the body remain fufpended in it, and 
then pour it ofi'into a number of flat China or done-ware 
difliefa, putting only a fmall quantity into each difh, and 
thefe they fet in the fun, or over a balncmn Maria: pre- 
pared oil purpofe ; for fhould they attempt the evaporation 
in a fand heat, the fmall quantity of cxirafl in each difh 
would be burned. When the whole is evaporated to a 
drynefs, there remains on the whole inner furfacc of the 
dilhes a thin crud of an extraft, which is to be feparated by 
feraping it off with a piece of did’ paper, and referved for 
ufc, i'his always breaks up in fmall fcales, which have a 
very fliining furfacc on that part where they adhered to the 
diflich, and it feems that this has given occafion to fame to 
believe, that they were particles of real fait. 

There is no doubt but this method of procuring a power- 
ful extract might be of great ufe, in regard to all thofc fub- 
dances which water can have power to penetrate ; but it is 
not eafy to give credit to its being able to make the like 
valuable medicines from the metals, though that has been 
pretended. Gold and filver arc pretended to be operated 
on in a powerful manner by it, but there feems a fallacy in 
this, fince even iron itfelf, which is much more penetrable 
by water than thofe metals, yields but little virtue to it ; 
two ounces of the filings of this metal yielding, with the 
utmod care and accuracy, only about four grains of a 
white earthy matter, which is nllo much more likely to be a 
part of the water than of the metal. 

The Jalis of the metalsy as the count called tliem, which 
were prepared by this means, were always fufpeiled to 
hold lome falinc quality, which they owed to the men- 
druum, which, whatever was pretended, was not Ample 
water, and a drift examination of them always difeovered 
a manne fait among them. It is true, indeed, that accord- 
ing to I^angelot’s method of grinding, fome leaves of gold 
were reduced, by the addition of a very fmall quantity of 
water, into a liquor, from which, on diitillation, a few red 
drops were feparated ; but it is to be obferved, that as 
Langelot’s method is the grinding of the fubdance with 
vehemence, and for a long time, in an iron mortar, with a 
pedle of the fame metal, there is reafon to fufpeft, that 
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what was found to come forth in red drops was a folution of 
iron, not of gold, as was pretended by thofe who firit pre- 
pared them. 

It is not to be doubted, but the method of evaporation of 
count I^agarais’s medicines is of great ufe, fince no other 
can fo well retain the finer parts of the medicines. Mr. 
Geoffrey tried it on rofes, violets, and fome other flowers, 
and found great reafon to wi(h that all the medicinal extrafts 
could be prepared in the fame manner ; but the method is 
imprafticable, when medicines arc to be prepared for general 
ufe ; for though the mills might be made to be moved in 
great numbers at once, by a current of water, and fo this 
part of the work performed with tolerable eafe, yet the 
evaporations, in fuch quantities, could by no 'pieans be made 
in any tolerable room, or time, and they mull be evaporated 
as foon as made, fince they very quickly turn four, and lofe 
all the virtues. Mem. de I’Acad. Scienc. Par. 1739* Sec 
Extract. 

Salt of Lead. See Salt of Lead, and Saccharum 
Saturni 

Salts, Lixiviate a general name given to all faline fub- 
llanccs obtained by lixiviation of alhes, but particularly 
applied to fixed alkali. 

Salt of Milk. See Milk. 

Salt, Microcofme. See Fujible Salt of Urine. 

Salt of Mineral Waters. See Halcryptium. 

Salt, Muriatic calcareous. See Sal muriaticus calcar eus. 

Salts, Neutral. See Neutral, and the diftribu- 
tion of falinc fubftanccs at the beginning of the article 
Salts. 

Salt, Neutral arfenicalf is a combination of arfenic with 
fixed alkali to the point of faluration. M. Macquer firll 
difeovered this combination, and began an account of its 
properties in the Memoirs of the Royal Academy for 1 746 
and 1748. His method of making this fait, is, by mixing 
together equal parts of very white cryltalline arfenic and 
purified nitre, and by dillilling this mixture in a retort with 
a graduated heat, in the ufual manner, till the retort is red- 
hot, and no more vapours of nitrous acid arife. In the 
retort there remains a faline mafs, white, compaft, and fixed ; 
from which, after folution in hot water, filtration, eva- 
poration, and cryftallization, may be obtained beautiful, 
quadrangular, prifmatic cr^’flals, terminated at each end by 
a quadrangular pyramid, the Tides of which correfpond 
with thofe of the prifm. This new fait is precifely neutral, 
and exhibits no marks of an alkaline quality. It is infinitely 
more folwble in water than pure arienic, and diflolves in a 
lefs quantity of hot than of cold water. It is eafily fufible 
by fire, and remains fiifed and tranfparent like glafs, without 
being alkalized, if it has not touched any inflammable 
matter; for it may be eafily decompofed by phlogilton, 
which unites with the arfenic, feparates it from the alkali, 
and is fublimcd. This fait cannot be decompofed by any 
pure mineral acid, becaufe arfenic feems. to have a greater 
affinity with fixed alkali than acids have ; but when thefe 
acids are united with metallic matters, they can eafily de- 
compofe the neutral arfenical fait, even by the humid way ; 
fo that a folution of this fait, added to a folution of metals, 
occafions a precipitate, compofed of the arfenic and metal, 
while the acid of the metallic folution combines with the 
fixed alkali of the neutral, arfenical fait, and forms another 
neutral fait. Macquer’s Dift. Chemiilry, art. Salt. 

Salt, Pine. See Pine. 

Salt ^ Rochelle^ or of Sei^nette. Sec Rufell^nsis 
Saif and Tartrite of Soda and Potash. 

Salt, Sea. See Common Salt. 
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Salt, Sedative^ a name given by the modern chemifts to 
a fait obtained from borax, by means of acids, of the virtues 
of which they boaft much. Thofe who iirft deferibed it, 
gave the procefs for making it in a very enigmatical manner ; 
and their fucceilbra invented many different ways of preparing 
it. The truth is, that all mixtures of borax with the 
vitriolic acids furnifli us with a fedative fait, as do all the 
mixtures of borax with fpirit of nitre, or of fea-falt. 

Beclier firfl gave the enigmatic account of it, which Hom- 
berg traced to its origin, and found the way of making it 
with the vitriolic, as Lemery did with the other acids. 
This fait is formed by fublimation, and is a congeries of 
faline flowers, not a little approaching to flowers of ben- 
jamin. Thefe flowers are fo light and fine, that they fwim 
upon water, and require a great quantity of water to diflblve 
them, and much more of cold than of boiling water ; and, 
therefore, it may be cryilallized by cold, and even by eva- 
poration alone. 

The fedative fait is a pcrfcdl fal falfus. It makes no 
alteration in the colour of the juice of violets, and has no 
fenfible efFe£l: on the folution of corrofivc fublimatc, or on a 
folution of mercury in fpirit of nitre for a long time ; but 
It finally precipitates a yellow powder from it, as the borax 
does. There is this diflerencc, however, between this pre- 
cipitate, and that formed by crude borax, that the powder 
precipitated by the fedative lalt does not, as the other, be- 
come white on walhing with large quantities of water. Thefe 
experiments (hew this fait to be wholly analogous to tartarum 
vitriolatum, or to the Glauber’s falts, in its effects. 

When the compofition of which thi.' lalt is to be made is 
placed on the fire, there arife diflrrcnt liquors before the 
fait appears ; the firli is a piilei;tii of <i t.irtiih etimplcxion, 
and with the fmcll of foap ; tins k fiicceeded by a turbid 
white liquor, along with which tiiere anle loine of the firli 
flowers. This makes a folution of rneicury m (pirit of iiitn* 
muddy after fome time, and finally precipirates from it a 
fmall quantity of a white powder. After ifiis all the fait or 
flowers afeend ; th<’fe flowers, diflolved in warm water, re- 
cryftallize themfelves in it wIhmi cold, afiuming the fame 
form with that they had in the flowers, except that the com- 
binations of particles are more denfe and heavy. 

The ufual method of making this fait by lublimation has 
been this. Take a glafs retort, with a large neck ; put into 
it four ounces of borax in fine powder, and pour on this half 
an ounce of common water, U) wet it into a fort of foft 
palte ; then add to this an ounce and two drachms of con- 
centrated oil of vitriol ; place the retort in a reverberatory 
furnace, and give at firif a fnull tire, which raile by degrees 
till the retort is red-hot : tlicre will pafs over into the re- 
ceiver about an ounce of aqueous matter ; and after this the 
flowers, or fedative fait, will nfe with a little more humidity ; 
hence fome part of the flowers will be diflolved in tfie liquor, 
and run over into the recipient, but the greater quantity 
will remain iii form of a dry fublimation in the neck of the 
retort ; they will finally flop up the whole orifice of the 
neck, and what arifes after tins ufually forms a circle of a 
fort of glofly fait about their bafes, out of which the flowers 
feem to (hoot. 

They are compofed of multitudes of fine thin blades, or 
Hakes, and are eafily brufhed out of the neck of the retort 
with a feather ; the glofiy circle at the bottom of them may 
be diflolved in water, and rccryflallized, and by this means 
all the fait will be procured. 

M. Geoffroy the younger has given, in the Memoirs of 
tlie Paris Academy, m 1732, an account of a way of making 
this fait by folution and cryliallization alone, without the 
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trouble of diftilling ; he has alfo fummed up the feveral 
other ways of making it with blue and white vitriol, but the 
method here mentioned is that by which the chemifts now' 
make it. 

Geoffrey’s method by cryftallization is as follows : take 
four ounces of borax, and one ounce one drachm of the mofi 
concentrated oil of vitriol ; put the borax into a glafs re- 
tort, pour in it half an ounce of common w^atcr after the oil 
of vitriol, and exiiofc the mixture to a fire gradually in- 
creafed : after the phlegm has paffed off, and even w'hile it 
is pafling, there arilc flowers, or a volatile fait, in beauti- 
ful foliated lamimc, fome of which always melt by the 
heat of the fire ; after the operation is over, the fineft of 
tlic flowers are to he carefully gathered, and thefe arc what 
flick to the neck of the ret(>rl, Thofe that are grey arc to 
be thrown upon the remaining mafs ; this mafs is to be dii- 
folved in water, filtrated and evaporated gradually ; fome- 
tiines, even without evaporation, the fliiniiig talcous laminse 
are to be feen in the licpior ; after twenty-four hours flaiid- 
iiig, the water i.-, to b(‘ poured oil from thefe laminx, which 
arc to be waflii d with frefh water, and then dried carefully 
ill a warm place. If thefe eryfials do not calcine in the 
place where they arc pul to dry, nor in the fur^^s heal, it ii. 
a lign there in nothing cryflallized but the fdl neutrum ; if 
they do e ilcinc. it is a proof tliat there is lorne Glauberhi fall 
formed of the borax and the vitriolic acid, and cryflallized in 
tlieinal.>. 'TIih fedative fall, obtained by cryftallization, does 
i!ot diflcr cftentially from tint wdiich ii fubhmed, only that 
fln’^cryilals or liimiine of the latter are more Icpar.iteil and 
d<‘tai hed than thole of the former. T'his fall, when once it 
h.i3 loll Its water by drying, cannot be raifed into vapours 
by tlie moll violent fire, in which it remains fixed, and mclU 
into a vitreoiii matter, as borax does. Mence it appears 
that It is a la) me compound, the principles of which are 
flri< 5 tly united, and fcparable with great difficulty. This 
truth has been illuft rated by numerous and accurate experi- 
ments on the liib(cd, by Mr. Bourdelin, related in the Me- 
moirs of the Academy lor tlie years 175:3 arid 1755. 

M. Cadet has alfo publifhcd in the Memoirs for 1766, an 
account of experiment s on this lalt. 

Homberg, the inventor of fedative fait, believed that he 
difeovered in it a fedative, antilpafmodic, and even nar- 
cotic quality, and thence called it the narcotic fait of vitriol ; 
it was, therefore, generally employed in coiivulfive difeafes ; 
but Its fedative powers have not been well aicertained. See 
Bohack; And. 

Salt of Sodii, a name given to the marine or mineral al- 
kali obtained from tlie allies of loda, and of other maritime 
plant-'. See Kali. 

Salt (f Sorrel. Sec Oxalat of Potajh under Salts, and 

OXAMS. 

Salt, Sphtt of. See MuniATic Add. 

Salt of Stahlj Suljdmreousj a neutral fait, compofed of 
volatile fulphureous acid, combined to the point of fatura- 
tion with fixed vegetable alkali. This fait may be made 
cither by faturating fixed alkali with volatile fulphurcoui 
acid, made in a cracked retort, in Stahl’s manner, or by ex- 
pofing linen, foaked in liquid fixed alkali, to the vapours of 
fulphur flowly burning. In the latter method, the linen 
dries, becomes fliff, and fhincs with many fmall needle-like 
cryftals, which are the fulphureous falts. This has a more 
pungent tafte than vitriolated tartar, is more foluble iu water, 
and 13 cryflallizablc by cold. It may be decompofed by 
any acid, and its fulphureous acid expelled from it, and it 
is perpetually changing, from the con ft ant diilipation (as 
former chemiits fuppole) ofits phlogiflon. 
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Salt of Syhiut. See Acetate of Potajh, and Sal 
Marinus Kegenrratus, 

Salt.s of Tiichen’msy are impure fixed alkalies, obtained 
from the aAies of vegetables, burnt by fuffbeating their 
6ame, and leaving no more communication with the air, 
than is fufficient tor the burning of their mod difengaged 
inflammable parts. The dried plant, in this procefs, is put 
in an iron pot, To heated, that its bottom may be red, and 
continually Itirrcd, wlu n a thick fume, and at length a 
flame, will rife from it. A lid muft then be put on the pot, 
fo loofely, that the fm;^kt* may vfcape but the flame be extin- 
guiflicd, and this lid mull be occafionally removed for the 
convenience of lllrring the plant. When it is thus reduced 
to aOies, the aflies i.uifl be lixiviated with boiling water ; 
and when the lixivium )::is been evaporated to drynefs, a 
faliiie matter, more or h^fs rcddifli, will remain, which is 
Tachenius’s fixed fait, at d fhould be kept in a bottle. Sec 
the procefs deferibed at large by Coerhaave, Chem. part ii. 
p. 28, dec. In this way of burning plants, the fixed alkali 
is phlogifticated, rendered femid'aponaceous, and mixed with 
all the neutral falts contained in the plants. 

Salt ofTartar^ the fixed alkali of tartar (which fee) ; 
or this name is given to fixed vegetable alkali in general. See 
Cakhonate of Potnjh* 

Salt, V€gciabli\ See Tartar. 

Salt of V'megar^ is a name given to Tartar, 

impregnated with very llrong radical \ I'nif.QXVL. See each 
article. 

Salt, Vitreous^ a term ufed by fomc modern chemifts for 
a kind of fait, which till of late wanted a name, and which 
is found in, and fcparable from, the fixed alkaline falts of 
vegetables. 

It is bitter, hard, fixed, and not alkaline, and of a cryftal- 
hne, or glofl'y appearance. 

The method prefenhed by Boerhaavc for the procuring 
It with the mofi: cale, is this : put fix pounds of the belt 
pot-aflies into a clean glafs, and add thereto twenty pints 
of cold rain-water ; (lir th.em together with a flick, and 
fufler the whole to rcll. When the aflies are thoroughly 
diflolved, gently decant the clear lixivium, and there will 
be found at the bottom, mixed with the fxccs, a number of 
Imall greyifh granules, of a bitter tafte, and of an almoft 
glafly brittlcnefs and hardnefs ; thefe are the fait required, 
and contain no alkaline quality. But to obtain it in greater 
purity, difTolve fix pounds of pot-afhes in four times their 
weight of water; filter the lixivium while hot, and make it 
portedlly clear ; then put it into a glafs vefl'cl, ready heated 
and moiftened, and fuiTer it to Hand ; a dufky crufl will 
foon begin to ftioot to the bottom and lides of the glafs, 
and will gradually become thicker and thicker ; at length, 
when no more appears to flioot, pour off the liquor, und 
there will remain behind a fait like the former, but purer, 
and in larger quantity ; if the remaining lixivium be boiled 
a little, and fet to cryllullizc again, it will afford a fmall quan- 
tity more of this fait, but after this it will yield no more, 
whence there feems to be only a certain and determinate 
quantity of this fait contained in the alkali. If this fait 
be put into a veffel of rain-water and fliook about, it does 
*not diffolve, only the alkali waflies off, and tlie fait remains 
purer than before ; after this it is to be gently dried and kept. 
Boer. Chem. pt. ii. p. 42. 

It is well known among the chemifls, that genuine fixed 
alkaline falts can hardly be cryltallized ; and though fome 
have produced this fait as a cryflallized alkali, the fallacy 
of the pretext is evident, fmee this appears on trial to be 
no alkali at all ; and it remains not lefs difficult than before 
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to cryflallizc pure alkali, though a fait, different in its 
nature from it, may be cryflallized in a certain quantity 
from among it. 

This vitreous fait never runs fpontancoudy in the air, nor 
does it eafily diffolve in cold water ; when boiled, it requires a 
large proportion of water to diffolve it, and as foon as cold, it 
caffly feparates itfelf from it again ; it is laftinj;ly bitter to 
the tafte, and crackles very much when thrown into the fire ; 
it is neither acid nor alkaline, nor approaches in its nature to 
any other fait hitherto known, but feems neareft of all others 
to refemble fandiver. This may fuggeft a query, whether 
the fire ill producing the fixed alkali, docs not at the fame 
time produce this ialt from vegetables ; and whether, by 
combining the fand and alkali together in glafs-making, the 
fire does not again feparate and throw up this fait in Tandi- 
ver. Something of this kind feems to be the cafe, and a 
clofe inquiry on thefe principles may fhew us why tartar, in 
the Hate of an alkali, does not afford this fait ; for tartar 
proceeds from a fubtile liquor, intimately fermented in all its 
parts. There yet remains the trying of this fait on various 
bodies, by means of fire, to give a true knowledge of its na- 
ture, which is at prefent too little known. This is to be 
obferved, however, that it differs fo much from the alkali 
in which it is contained, that the careful chemift, before he 
makes ulc of that alkali in any nice procefs or experiment, 
ought carefully to feparate this neutral fait from it. Boer- 
haave’s Chem. part ii. p. 100. 

Salt, rolatiUy a name commonly given to volatile, con* 
Crete, alkaline falts, as volatile fal Ammoniac, and volatile 
fait of A^r/^j-uoRN. See alio Volatile Salt of Ameer. 

Salts, Urinous^ a term fynonimous with alkaline 
fait. 

Salt of Steely a name given to feveral combinations of iron 
with acids ; hence Riverius’s fait of fleel is a martial vitriol, 
made with iron, vitriolic acid, and fpirit of wine. 

Salts microfcopkally examined. Mr. Lceuwenhueck has 
opened a very extenfivc field for microfcopic obfervations, 
in the evaporation of certain ffuids, in which falts of va- 
rious plants, and other fubllarccs of the like kind, had been 
diffolved. 

The fixed falts, in general, arc faid by chemifls to admit 
of no cryflallization at all ; but this curious obferver found, 
that, on being evaporated in fmall quantities before the 
microfeope, they each would flioot into extremely minute, 
but regular cryflals, and thofe often of various forms in 
the fame fait ; but that thefe varieties were only of a certain 
number, and that no other fait but that to which they be- 
longed had them all in the fame regular manner. 

The fophiftications of falts, too common among our che- 
mifls, may be difeovered by this means, and many other 
advantages may be obtained from it, as well as great amufe- 
ment in the obfervation of the variety and beauty of the 
figure. 

The mott agreeable way of examining -thefe falts, is by 
the folar microfeope ; but the moll accurate and fitteft for 
making deductions from, is that by the common double 
microlcope. The way is to diffolve a fmall quantity of fait, 
of any kind, in water, and add to tliia about one-fourth 
part of fpirit of wine ; tliis renders the whole a much lefs fit 
menllruum for keeping the fait in folution, and confequently 
it much more readily concretes from among it. A large 
drop of this liquor is to be laid on the furface of a thin and 
clear piece of glafs, fuch as may conveniently be laid upon 
the ftand for receiving objeifls in this microfeope ; then this 
glafs is to be held till gently heated over a clear fire, and 
when it begins to evaporate, the glafs is to be placed under 
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the microfcope, and about a third magnifier ufed to examine refembling cryftals; thefe are determinate in their figure, 
it. The falts will foon be feen beginning to (hoot, and will the others more vague and uncertain. Thefe will always be 
form themfelves under the eye into very beautiful figures ; produced the fame from the fame fait, the others fcarcc 
fome refembling branches of trees, others ruins and Tortifi- twice from even the dilTerent drops of the fame folulion, 
cations, and the like ; but what are molt to be depended alike in all refpeds. l*liil. Tranl. No. 172. p. 1075. Sec 
upon, as ellential to the fait, are certain little Angle fhoots. Table of Microscopic Objefls. 
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SAW, Seriia, an i«ftrument ferving to divide into 
pieces divers folid matters, as wood, ftonc, marble, ivory. 
The faw is one of the moft ufeful machines, in the 
mechanic arts, ever invented. The fable which is perhaps 
founded on fome furer tradition, attributes the invention of 
it to Icarus, who, vpig with his father Daedalus, enriched 
the rifinfir arts with (everal difeoveries. It is added he took 
thefirft hint from uhe fpinc or back-bone of a flat fifh, fuch 


as the foal. The faw is made of fteel, with teeth ; but 
thofe differently filed, and turned, according to the ufe it 
is defigned for. There is alfo a kind of faws without 
teeth, ufed in the fawing of marble, and other ftones. 

The bell faws arc oi tempered fteel, ground bright and 
fmooth : thofe of iron are only hammer-hardened ; hence, 
the firft, bcfides their being ftiffer, are likewife found 
fmoother, than the laft. They arc known to be well ham- 
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mercd by the ftifF bending of the blade ; and well or 
evenly grouitd, by the bending into a bow. 

The edge, in which the teeth arc, is always thicker than 
the back, in regard tlie back is to follow the edge. The 
teeth are cut and (harpened by a triangular file ; firit fixing 
the blade of a faw in a whetting block. 

When filed, the teeth arc to be fet^ that is, U) be turned 
alternately afkew, or out of the right line, to make the 
wider kerf or fiffure, that the back may follow the better. 
This is done by putting an inllrimient, called a faw-wrl/lj 
between every other two teeth, and giving it a little wrench, 
which turns one of the teeth a litth‘ towards yfni, and the 
Other a little from you. The teeth are alwayvS fet ranker 
for coarfe cheap ituff, than for hard and fine ; becaufe the 
ranker the tooth is fet, the more ftuff ir. lull in the kerf ; 
and if the (tuff be hard, the greater is the labour of fawing it. 

The workmen who make the grcattll ufe of the faw, 
are the fawvcrs, carpenters, joiners, ebonills, Hone-cutters, 
carvers, fcuiptors, &c. The lapidaries too have their faw, 
as well as the workers in mofaic ; but thefe bear little rc- 
femblance to the common faws. 

But of all mechanics there are none who have fo many faws 
as the joiners ; nor of fo many different kinds. The chief 
are as follow : 
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Pii*/aWf a large two-handed faw, ufed to faw timber in 
pits. It is fet rank for coarfc (lull’, lo as to make a kerf 
or fidure of almoll a quarter of an inch ; but for finer Ilufl' 
it is fet finer. 

IVhip^JaWf which is likewife two-handed, ufed to faw 
fuch large pieces of fluff as the hand-fiiw will not eafily 
reach. 

The Handfamt is made for a fiiigle man’s ufe ; of which 
there are various kinds ; as the 

Rippin^-fmv^ 7hon-fanv^ Sajh-faw: the two latter are 
ftiflened by a narrow back of iron, as they are made very 
thin for fine work. 

The IwodmJf or Crofs^ut faw^ is much longer, and is 
ufed by two men. 

The Framc-fanv is a thin faw furroiiiided by a wooden 
frame, in which it is llretched very tight, to prevent its 
bending : it is ufed in a pit for cutting deals and vineerp. 

The Com^/s’faWi or luniing^faw^ which is very narrow, 
has its teeth not iifually fet out of a right line, like the 
above ; but the cutting-edge is made thick, and the back 
thin, that it may freely be turned in a circular or compals- 
kerf. 

The Hacl-Ja^oi is made of a feythe j»ggt^d at the edge, 
and ufed for cutting off iron bolts. 
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SAWING, application of the faw, in dividing of 
tinihf'r, . into hoards, 6vC. 

There arc wind mills and water-mills which do the office 
of lawing wood, with intiiiitely more expedition and cafe 
than is pv-rtonued by the hand. They coiilill of fcvcral 
parallel lav/s, which are made t<i rife and fall perpendicularly, 
by means id' one of the grand principles of motion. A very 
few liands are here needed, viz,, only to pufli forward the 
pieces of limber, which arc laid on rollers, or fufpended 
by ri;pi‘s, in proportion a^ tlie fa wing advances. Thele 
nulls aic f.eipiently idl'd abroad ; and have been alii» intro- 
duced in EiigLnid ; but the parliament, in confideration of 
this, that tliey would Ipoil the lawyers’ trade, and ruin great 
nimbcrs of families, thouglit lit to lupprei's tlicni. 

The mccliauifm of a fawing-inill may be reduced to three 
principal tilings; the full, that the law be drawn up and 
down as long as is ncccllary, by a motion communicated 
by waier to the wheel; the fecoiul, that the pieces of 
limber to be cut into boards be advanced by an iimform 
motion to receive the Itrokes of the faw , for here tlie wood 
js to meet the faw, and not the law to follow the w’ood, 
therefore the motion of the wood and that of the taw' ought 
unmcdiately to depend the one on tlie other : tlie tliird, that 
whew the faw has cut through the whole Iciigtli of the 
pure, tlie wliolc inacliiiic Hops of itfell, and remains im- 
moveable, for fear, lell having no obllacle to funnouiit, the 
fori’c the w'ater Ihould turn the wheel with too great 
r.^pidity, and lircak fume part of the machine. 

M. I'elibien menlioiib a kind of lung laws, invented by 
one Mdloii, infpedor of tlie marble quarries in the Pyre 
i/eans ; by means of which Hones are fawed even in the rock 
itfelf, whence llu'y are taken. He adds, that lonie of them 
vi't'iT made twenty-three feet long ; but does not defenbe 
f ither their form or application : he only fays, tliey are of 
iron, and without teeth. 

The common fawong-mill is lo well known, as to require 
I'earcely any dercription. The faw is made to work verti- 
cally, being Hretched in a w'ooden frame, wiucli Hides up and 
down, w’ithiu another fixed frame, cxailly the fame as a 
window faili riles and falls in its frame ; the motion is given to 
it by a crank placed beneath, and revolving by a wheel and 
pinion from the water-wheel ; a fly-wheel is fixed upon the 
axis of the crank to cqualr/o? the movement, and the pinion 
is fu proportioned, that the crank will make three or four 
turns to one of the water-wheel. The timber is fallened 
upon a carriage, which h an liori/ontul frame, Hiding on the 
floor of the mill ; and being lulFicieiitl) narrow to paf* 
through the iiilidt* of the vertical or moving faw-frame, il 
will carry the tree through, and fubjedl il lo the action ol 
the faw : the carriage is provided with a rack, which is en- 
gaged by the teetfi of a pinion, and this gives the means of 
advancing the carriage when the pinion is turned, which is 
done by means of a lar^c ratchet-wheel, with a click moved 
by levers, conncCled with the faw-frame. In tins manner, 
when the faw-frame nfes, the click flips over a certain num- 
ber of teeth of the ratchet-wheel, but when it defrcnds 


make the cut, the click turns the ratchet-wheel round, and 
advances the wood forwards juit as mucli as the law will cut 
into it during its defeent. The trees are generally dragged up 
an inclined plane, through a door at one end of the mill, and 
being placed upon the carriage, they go through the mill, 
and are divided by the faw into two or more pieces, which 
are carried forwards, and go out at a door on the oppolite 
fide of the mill, where a boat receives them. Sometimes the 
faw'.frame is fitted up with feveral faws Hretched parallel to 
each other, and at Inch diHances, that they will divide the 
whole tree into feveral boards of any required thicknefs at one 
operation. 

A great improvement in fawing-machiiies has been made 
by Mr. Brunei, by which they are enabled to cut more 
limber in a given time, with any given power, ami alfo cut 
much more correctly, and without w'inding in the lurfacet 
which the faws divide. A capital mill on this plan has been 
conllrudled by Mr. Maudflay for the arfenal at Woolwich ; 
it is driven by a Hcam-engine, which is a pattern of elegance 
in its appearance, as much as of pcrfe£fion in its contrivance ; 
the motion is communicated from tins lo the crank* of the 
four faw-frames, by leather bells, wduch are here very judi- 
cioufly applied in hen of cog-wheels, becaufe thefc will flip 
and yield if any thing fhoiild get into the movements, but 
cog-wheels w'ould in a fimilar cafe break every thing to 
pieces. Bach crank has an independent fly-wheel to regu- 
late its motion, in addition to the great fly-wheel of the 
Ileam-eiiginc. The vertical or moving frames for the fawi 
are made of iron, but the fidcs arc hollow, and filled up 
v\ith wood, by wdncli means they are very Hrong, but of no 
greater weight than ueceflary. The mull itigeinons part of 
the contrivance confilU. in tlie means of Hrt iching all the 
fawb in the frame, lo that they will be exactly parallel to 
each other, and all Hrained to an equal dcgiee of tenfion. 
The faws arc fo fitted in llie frame, that they can be removed 
in a few minutes, and a new' fet of fliarp faws put in. Each 
faw' has apiece uf melal n vetted to a at each end, w'hieh arc 
formed like hooks. 'Ehc hook at the lower end of the faw' is 
hooked into a proper recels made in the lower crofs-bar of 
the faw-frame, and tlie njipcr hook is cng:.ged wdth the 
hook of a fhackle or link, which hangs upon tiie upper crofs- 
bar, and has wedges through il, by means of which it caw 
be drawn tight to Itrain the faw. As there is nothing to de- 
termine the part', of the crofs-bars where the hooks of the 
taws fltall hang upon lliem, they can be fet at any required 
diftance afiinder ; but to retain them, pieces of hard wood 
are put in between the blades of the faw at the upper and 
lower ends, and the fpaces being thus filled up, tney are 
bound tight by ferews, which are tapped into the fides of the 
faw-frarnc. As the tenfion of the different faws would be very 
uncertain, if it depended merely upon driving the wedges of 
their (hackles by a hamtuer, the inventor has applied a very 
ingenious kind of Heelyard, to Hrain each of the faws in its 
turn. It confiHs of the following parts : a lirong axis is 
extended acrofs the fixed frame, in which the favt^-frumc 
Hides, and above the top of this frame ; from one fide of 
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ihia axis a lever proceeds, which has a weight fixed at tlic 
end, and from the oppofite fide of the axis proceed two fliort 
levers, which are conneded by links with a ftrong crofs-bar, 
fituatedjuft over the upper crofs-bar of the faw-frame, when 
it is at its jgreateft point of elevation. This Iteelyard crofs- 
bar has a link or (hackle upon it, which can be united by a 
key witl» any one of the (hackles upon the upper crofs-bar 
of the faw-frame, which (hackles are, as bcforc-mcntioned, 
united by their hooks with the upper end of their refpe€fivc 
faw 9 ; by this means tlie lever, with its weight, becomes a 
fteclyard to draw up any one of the faws with a determinate 
force, and it can be applied fuccefBvely to all the diftercnt 
faws. In ufing this apparatus, the band or (trap of the 
crank-(haft is call off, to (lop the motion of the faw-fran;c ; 
the crank is turned round, to elevate the frame to the highcll 
point ; two wedges are then put in between the top of the 
iaw-irame and a fixed part of the rtationary frame, and tliis 
holds the faw-frame faft whilft the (leelyard is applied, 
otlierwife it would tend to draw up the frame, and drain the 
crank and crank-rod. The (harp laws are now put into the 
faw-frame, by hooking them upon the lower crofs-bar there- 
of, and uniting the upper hooks to the (hackles on the upper 
crofs-bar : the pieces of wood are next put between the law's, 
according to the gauge of the wood which is intended to be 
fawn, and bound fall by the (crews, as before-mentioned. 
The loaded end of the (leelyard is now' lifted up by a rope 
pafiingover a pulley, and the link upon the crofs-bar of tlie 
lleclyard is united with the (hackle of one of the laws by 
means of its keys ; then fufFering the (leelyard to defeend, it 
llretchcs the faw ; the wedge of the (hackle for the faw is 
thrud in by the hand as far as it will go, and tlius retains the 
faw at the tenfion to which the (leelyard had drained it. 
The (liacklc of the (leelyard is then difengaged from this 
faw' and removed to the next, and thus, in turn, all the faws 
are equally drained, a circumlUnce which is of great im- 
portance, becaufe any faw vvhicli is more (lack than another 
will be liable to bend and cut crooked, when the grain of the 
wood tends to divert it from its true diredlion. 

The carriages of this mill are very admirably contrived 
to hold the trees firmly, and to fix them in a little time : 
they are advanced, as the faws cut, by a rack and pinion, 
wdth a ratchet-wheel ; and the click of the ratchet is moved 
by means of an excentric wheel, or camm, upon the axis 
of the crank. There is alfo a contrivance, by which the 
faw-frame is allowed to rctr- at a fmall quantity in its af- 
cent, fo that the teeth of the faw will be quite clear from 
the wood, when they return, that io, when they afeend, 
and do not cut. Mr. Brunei has directed the execution of 
feveral other law-mills upon the fame principle, particularly 
a very large one in the dock -yard at Chatham. 

Circular Sawing* Machines , — Thcle a6l by a circular deel 
plate, having teeth, like thofe of a pit-faw, cut all round its 
circumference. This faw is fixed upon an axis, and made 
to revolve by bands or draps with great rapidity. The 
wood being prefented to it, is cut by a continuous motion ; 
and as this admits of a far greater velocity than can be given 
to any reciprocating machine, the circular (aw cuts a fur- 
prifing quantity of wood, not lefs from this circumdance 
than becaufe it is always in a£lion ; whereas the reciprocat- 
ing faw only cuts in one dircdlion, and all the time occupied 
in the return is loft. Attempts have been made to make 
reciprocating faw-frames cut double, by having the different 
faws reverfed, that is, feme fo placed that they (hall cut in 
afcendiBg, and the others in defeending ; but this did not 
fucceed, becaufe the faws which do not cut will not allow 
the others to advance into the wood, at lead without great 
friction upon liic back of the returning faws^ 
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The circular faw is ufually fixed in a horizontal table, of 
bench, which has a cleft, through which the faw comes up ; 
the fpindle being fituated under the bench, and acrofs the 
direction of its length. A fegment or portion of the faw is, 
tlicreforc, left projecting above the bench ; and the piece of 
w'ood being laid Aat thereupon, it is advanced forwards to 
the law, and cut with the greatod facility, and is certain to 
be cut Iquare ; but if the fedtions are required to be at any 
other angle or bevel, the bench is inclined to fuit it. A 
long parallel ruler is fixed down upon the bench, and this is 
capable of being brought nearer or farther from the faw, 
and thus forms a guide, againll which the piece of wood ib 
held ; by this the (aw cuts always to the fame width ; but 
the width can be varied at pleafure. 

The time of tlie introdudion of this valuable machine i? 
not well afeertained. Circular faws, for cutting the teeth 
of watch mid clock wheels, have been in uie lince the tinu* 
of Dr. Hook ; but we do not know who firll applied the 
fame to (awing wood in the large way. Mr. Taylor of 
Soutliampton ufed them in his matuii^adory many yearf’ 
ago ; but, we believe, they were mod completely introduced 
by Mr. George Smart, and have finee become very general 
for all kinds ot purpotes. (See the articles Canteen, 
CoMii-f L' l ’i I and Mac iiiM uv, Blacky where delcrip. 
tions o( machines ading with circular (aws will be found.) 

It only remains liere to mention an improvement in the mode 
of mounting them, by Mr, Mandflay. The firll laws, a'% 
the moll fimplt* mctlnid, were made with (liarp conical 
points at each end of the (pindle, and thefe were rcccivTc! 
into conical holes at the ends of (crews^ fitted thnnigli the 
fohd frame of the machine ; or, otherwife, the point ^ were 
made upon the ends of the fixed ferews, and tlie holes iu 
the ends of the (pindle. In either cale, the pails were 
made of hardened (led, and the mod accurate and con- 
venient circular motion was thus obtained. Bui if this 
method is ufed on a large leal/, and with a great vclocit), 
the oil cannot be kept in the fockets, and the fri<Slion vvil' 
then eaufe the points of contad to heat : by beating, they 
expand, and tlius increafe the fridion and the prellure, !<' 
that the heat is rapidly mcreafed, till the metal become* 
loft, and will iwid off the points. The reafon of the cfcape 
of the oil is, that tlie centrifugal force induces the oil to 
mount up the cone, and thus cfcape from the point, where 
it is chiefly wanted. Tlie faw-ipindles made by Mr. 
Maudday have double conical lockets, and the oil is intro- 
duced by a fmall hole into the fmalleit part of the double 
cones, where they join ; by inis means, the centrifugal force 
draws the oil into the fitting, indcad of tlurowing it out, 
in the other m dance. 

All ingenious circular faw was prefented to the Society 
of Arts, by John Trotter, cfq., in 1805, and the Society 
complimented the inventor with their gold medal. It in 
called a curvilinear faw, being made concave, that is, like 
a circular di(h or bowl, indead of a flat circular plate. If 
this is a fegment of a fphere, the faw will cut legments of 
circles, Miliead of draight lines. This is very ufoful for 
fellies of wheels, &c. ; but by varying the curve of the faw, 
any required curve of a moderate bend may be cut. 

Other circular faws have been made like the trepan ufed 
by furgeons ; the fizc, of courfe, being determined by the 
fize required to be cut. See Machinery, Block. 

A patent has been obtained for a circular faw, or rather 
a faw with a continuous motion, which confiils of an cndlcfr. 
lied band or blade, cut with teeth and extended over two 
wheels placed at a didance afunder, juit like the endlefs 
draps which are ufed to communicate motion from one 
wheel to another* The wood is applied to that part of 
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t)ie blade which is extended between the two wheels. We hut wc fear there would be many difficulties in making fuch 
have not been informed if it is found to fucceed in praftice ; cndlcfs belts of Heel; 



Screw 


SCREW, or Sciiua, Cochlea^ in Mechanicsf one of the 
fix mechanical powers ; chiefly ufed in prefling or fqueezing 
bodies clofc, though fometimes alfo in railing weights. Sec 
Mechanical Powers . 

The ferew is a right cylinder, as A B XXXVIII. 
Mechanics^ Jig. I.) furrowed fpiral^wife ; it is generated by the 
equable motion of a right line F G [Jig. 2.) around the fur* 
face of a cylinder ; while, at the fame lime, the point I de- 
feends equably from F towards G. Or, it may be conceived 
to be made by cutting a piece of paper into the form of an 
inclined plane, or half-wedge, and then coiling it round a 
cylinder ; fo that its aftion depends on the fame principles 
as that of an inclined plane. The force tending to turn the 
ferew round its axis may be confidered as applied horizon- 
tally to the bafe of the wedge, and the weight which is to be 
railed as afting vertically on its inclined furface : the cir- 
cumference of the cylinder w'ill reprefent the horizontal 
length of the wedge ; and tlie diftance between the threads^ 
meafured in the direAion of the axis, will be its height, pro- 
vided that the threads be Angle ; confequently, the forces 
required for the equilibrium are to each other, as the height 
of one fpire to the circumference of the ferew. But befides 
thefe forces, it is nccefl'ary that feme obftacle be prefent, 
which may prevent the body, on which the ferew afts, from 
following it in its motion round its axis ; otherwife there can 
be no equilibrium. If the furrowed furface be convex, the 


Icrcw is laid to be male; it concave, it is Jemale. 

Where motion is to be generated, the male and female 
ferew arc always joined ; that is, whenever the ferew is to 
be ufed as a fiinple engine, or mechanical power ; and when 
thus fitted together, they are fornctimes called 7 ferew and a 
nut. The nut ails on the ferew with the fame mechanical 
power as a Angle point would do, fince it only divides the 
preflure among the dilfcrent parts of the (pire. When joined 
with an axis in peritrochio, there is no occafion for a fe- 
male; but in that cafe it becomes part of a compound 
engine. 

The ferew cannot properly be called a fimple machine, bf- 
caufc it is never ufed without the application of a lever, or 
winch, to aflift in turning it. Sometimes the fpires of a 
ferew are made to adt on the teeth of a wheel, when a very 
flow motion of the wheel, or a very rapid motion of the 
ferew, is required for the purpofes of tlie machine. 

Doiirine vf the. i. If, as the compafs, deferibed 
by the power in one turn of the icrew, is to the interval or 
diftance between any two immediate threads, or fpiral wind* 
ings, as B I (meafured according to the length of the ferew), 
fo is the weight or refittance to the power ; then the power 
and the refiftance will be equivalent one to the other ; and, 
confequently, the power being increafed, fo as to counteraA 
the friftion of the ferew, which is very confiderablc, will 
overcome the refiftance. For it is evident, that in one turn 
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of the fcrew, the weight is fo much lifted up, or the refiftancc 
fo much moved, or the thing to be prefled is fqueezed fo 
much clofer together, as is the diftance between two imme- 
diate fpirala ; and in the fame time, the power is fo much 
moved, as is the compafs defcribedby the faid power in one 
turn of the fcrew. Wherefore the velocity of the weight 
(or whatfoever anfwers thereto) will be to the velocity of 
the power, as is the faid diftance between the fpirals to the 
compafs dcfcribcd by the power, in one revolution or turn- 
ing round of the fcrew ; fo that the gaining in power is here 
recornpenfed by the lofs in time. 

2. As the diftance between two threads, B I, is lefs ; 
the power required to overcome the faid rcfiftance is lefs ; 
therefore the finer tlic thread, the cafier the motion. 

3. If the male fcrew be turned in the female, at reft, 
a lefs power will be' required to overcome the reftllancc, as 
the lever or fcytala C D f Jig. 3.) is the longer. 

4. The diftance of the power from the centre of the fcrew, 
C D, the diftance of the two thread^ I K, and the power to 
be applied in D, being given, to determine the refiltance 
it will overcome ; or, the rcTiftatice being given, to find the 
power neceflary to overcome it. 

Find the periphery of a circle deferibed by the radius C D ; 
then to the diftance between the two threads, the periphery 
juft found, and the given power ; or, to the periphery found, 
the diftance of the two threads I K, and the given refiftance, 
find a fourth proportional. This, in the former cafe, will 
be the refiftance that will be overcome by the given power ; 
and, in the latter, the power neceflary to overcome the le- 
fiftance. 

E. pr, Suppofe the diftance between the two threads, 3, 
the diftance of the power from the centre of the fcrew C D, 
25, and the power 30 pounds ; the periphery of the circle 
to be deferibed by the power, will be found 157. There- 
fore, as 3 : 157 30 ; 1570, the weight to which the 

refiftance is equal. 

5. The refiftance to be overcome by a given power being 
given ; to determine the diameter of the fcrew, the diftance 
of the two threads I K, and the length of the fcytala, or 
handle : the diftance of the threads, and the diameter of the 
fcrew, may be afl'umed at pleafurc, if the male be to be 
turned in tlie female by a handle. Tiieii, as the given power 
is to the refiftance it is to overcome, lo is the diftance of the 
threads to a fourth number, which will be the periphery to 
be deferibed by the handle C I), in a turn of the fcrew. 
The femidiameter of this periphery, therefore, being fought, 
we have the length of the handle C D. But if the female 
fcrew be to be turned about the male, without any handle, 
then the periphery and femidiameter found will be very 
nearly thofe of the fcrew required. 

£. gr, Suppofe the weight 6000, tlie power 100, and 
the diftance of the threads 2 lines ; for the periphery to be 

paft'ed over by the power, fay 100 : 6000 :: 2 : 120 ; the 

femidiameter of which periphery being ;d of 120--40 
lines, will be the length of the handle, if any be ufed ; 

otherwife the fide of the female fcrew mull be 40 lines. 

Mr. Hunter has deferibed a new method of applying the 
fcrew with advantage in particular cafes. Phil, Tranf. 
voL Ixxi. parti, p. 58, &c, 

A cylindrical fcrew is bored, and made at the fame time 
a tubular fcrew, with a little difference in the diftances of 
the threads, fo that when it is turned within a fixed nut, it 
rifes or finks a little more or lefs than the internal fcrew, 
which perforates it, would rife or fink by the adion of its 
own threads ; and a weight attached to this internal fcrew 
afeends, in each revolution, only through a fpace equal to 
the difference of the height of the two coils. Here the 
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machine is analogous to a very thin wedge, of which the 
ihickncfs is only equal to the difference of the diftances of 
the threads, and which of courfc ads with a great mecha- 
nical advantage. It might, in fome cafes, be more conve- 
nient to make two cylindrical ferews of different kinds, 
at different parts of the fame axis, rather than to perforate 
it. The fridion of fuch machines is, however, a great im- 
pediment to their operation. 

Screw, Endlefs* If a ferew be fo fitted as to turn a 
dented wheel D F [Jig. 4. ) it is called an endlcfs^ or per^ 
petual fereWi becaufe it itiay be turned for ever, without 
coming at an end. From the feheme, it is evident enough, 
that while the fcrew turns once round, the wheel only ad- 
vances the di fiance of one tooth. 

Screw, Doilrine of the Endle/s. r. If the power applied 
to the lever, or handle of an endlels fcrew J\. B, be to the 
weight, in a ratio compounded of the periphery of the axis 
of the wheel E H, to tiie periphery deferibed by the power 
in turning the handle, and of the revolations of the wheel 
D F, to the revolutions of the fcrew C B, the power will be 
equivalent to the weight. 

Hence, 1. As the motion of the wheel is exceedingly 
flow, a fmall power may raife a vaft weight, by means of an 
endlcfs fcrew ; for this reafon, the great ufe of the endlefs 
fcrew is, either where a great weight is to be raifed through 
a little fpace ; or, where a very flow gentle motion is 
required. On which account it is very ufeful in clocks and 
watches, 

2. The number of teeth, the difiance of the power from 
the centre of the fcrew A B, the radius of the axis H £, 
and the power, being given ; to find the weight it will 
raife. 

Multiply the difiance of the power from the centre of 
the fcrew A B, into the number of teeth : the produdl is 
the fpace of the power palled through, in the time the 
weight palles through a fpace equal to the periphery of the 
axis. Find a fourth proportional to the radius of the axis, 
the fpace of the power now found, and the power. This 
will be the weiglit which the power is able to fufiain. Thus, 
if A B = 3, the radius of the axis H E = i ; the power 
100 pounds, number of teeth of the wheel D F 48 ; the 
weight will be found 14,400; whence it appears, that the 
endlefs fcrew exceeds all others in increafing the force of a 
power. 

A machine for (hewing the powt'r of the fcrew, may be 
contrived in the following manner. Let the wheel C ( Jig. 5.) 
have a fcrew a h on its axis, working in the teeth of the 
wheel D, which we may fuppofe to be forty-eight in num- 
ber. It is plain, that for every revolution of the wheel C, 
and fcrew a by by the winch A, the wheel D will be moved 
one tooth by the fcrew ; and, therefore, in forty-eight revo- 
lutions of the winch, the wheel D will be once turned 
round. Then, if the circumference of a circle, deferibed 
by the handle of the winch, be equal to* the circumference 
of a groove e round the wlicel D, the velocity of the handle 
will be forty-eight times as great as the velocity of any given 
point in the groove. Confcqucntly, if a line G goes round 
the groove and has a weigjit of forty-eight pounds hung 
to it below the pedcltal E F, a power equal to one pound 
at the handle will balance and fupport the weight. To prove 
this by experiment, let the circumferences of the grooves of 
the wheels C and D be equal to one another ; and then, if a 
weight H of one pound be fufpended by a line going round 
the groove of the wheel C, it will balance a weight o? forty- 
eight pounds hanging by the line G ; and a fmall addition to 
the weight H will caufe it to defeend, and fo raife up the 
Other weight. If the line G, inltead of going round the 
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groove e of the wheel D, goes round iti axle I, the power 
of the machine will be as much increafed, as the circum- 
ference of the groove e exceeds the circumference of the 
ayir ; and if v^'e fuppofe it to be fix times, then one pound 
at H V' U balance fix times 48, or 288 pounds hung to the 
line on tfe axle; and hence the power or advantage of 
this m.T » ine will be as 288 to 1 ; i. r. a man, who by his 
natural iVrength could lift a hundred weight, will be able to 
raifr 288 hundred, or 143?,^ ton weight by this engine. 
Fei^'. Ton's Mech. edit. 4to. p. 44. 

St' irw, Jrch'medes^ Sy or the fpiral pumpy or as it is 
called !ii Germany, the water Jnmly is a machine for the 
raifmg of w<tter, firlt invented by Archimedes. 

Its ftru^fure and ufe will be undeHlood by the following 
defcription of it. A BCD {Plate XTV. Hydraulksy 
II.) is awheel, which is turned round, .jccording to the 
order of the letters, by the fall of watei E F, which need 
not be more than three feet. The axle G of the wheel is 
elevated fo as to make an angle of about 44^', or between 45*^ 
and 60S with the horizon ; and on the top of that axle is 
a wheel H, w’hich turns fuch another wheel I of the fame 
number of teeth ; the axl“ K of thislait wheel being parallel 
to the axl * G of the two former wheels. The axle G is cut 
into a double-threaded ferew (as in 12 ), exa- tly refem- 
bling the ferew on the axis of the fly of a cf nunon jack, 
w^hich muft be what ia called a right-handed ferew, like the 
wood ferews, if the iirfl wheel turns in the direction 
A BC D ; but it mult be a left-handed ferew, if the llream 
turns the wheel the contrary way ; and the ferew' on tfje axle 
G mud be cut in a contrary w'ay to that on the axle K, be- 
caufc tliefe axles turn in contrary diredions:. Thefe ferews 
mud he covered clofe over with boards, like thofe of a cy- 
lindrical cafk ; and then they will be Ipira) tube**. Or, 
they may b'' made of tubes of Itiff leather, and wrapt roond 
the axles m (hallow grooves cut therein, as in 13. The 
lower end of the axle G turns conllunily in the dream that 
turns the wheel, and the lower ends of tlie fpiral tubes arc 
open into the water. So tliat, as the wheel and axle are 
turned round, the water rifts in the fpiral tube®, and runs 
out at E through the holes M, N, as they come about 
below the axle. Thefe holes, of wdiich there may be any 
number, as four or fix, are in a broad clofe ring on the 
top of the axle, into which ring the water is delivered from 
the upper ojit-n end's of th(^ ferew tubes, and falls into the 
open box N. The lower end of the axle K tufns on a 
gudgeon, in the water hi N ; and the fpiral tubes in that 
axle take up the water from N, and deliver it into another 
fuch box under the top of K ; on which there may be fuch 
another wlieel as I, to turn a third axle by fuch a wheel upon 
it. And in this manner water may be raifed to any given 
height, where there is a dream fufficient for that purpole to 
a<ft on the broad float-bi'ards of the fird wheel. Fergufon's 
Mechanics, Supplement, p. 22. 

An indrument of a fimil?4r nature is called bv the Ger- 
mans a water ferew ; it confids of a cylinder with its fpiral 
projedlions detached from the external cylinder or coating, 
within which it revolves. This machine might not impro- 
perly be confidcred as a pump, but its operation is precifely 
fimilar to that of the ferew of Archimedes. It is evident 
that fome lofs mud here be occafioned by tlie want of perfe^ 
contadt between the ferew and its cover ; »n general, at lead, 
onr-third of the water rrns btick, and the machine cannot 
be placed at a greater elevation than 30 ; it i? alfo very cafily 
clogged by accidental impurities of the water ; yet it hai. 
been found to raiie more water than the ferew of Archi- 
medes, when the lower ends oi both are immerfed to a con- 
Cderable depth ; fo that if the height of the furface of the 
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water to be raifed were liable to any great variations, the 
water ferew mi jbt be preferable to the jrrew of Archimedes* 
Plate X I V . Hydra uliesy . 1 4. 

When a fpiral p.pe- conliding of many convolutions, ar- 
ranged either in a fiugie ulatie, or in a cylindrical or conical 
furface, a’*-! revolvjpg l•ou”d a horizontal axis, is connedted 
at one ei.d by a waer-tight joint with an afcendirig pipe, while 
the other r'*d receives during each revolution near!) equal quan- 
tities of air r.nd water, t he machine is called a fpiral j)ump. It 
was invriitcd :'lv nt 1746, by Andrew Wirtz, apewterer at 
Zurich, a id r faid to have been ufed with great (utcefs at 
Florence *ti,d m» Ruflia: it has alfo been employed in this 
country by 1 . ul Sianhope ; and I have made trial of it (fays 
Dr. Yourg) foi raifing water to a height of forty feet. The 
end of ti e pipe is fnrntdicd with a Ipoon, containing as much 
water a*} will fill half a coil, which enters the pipe a little 
b* U ’^e ♦he fpoon has arrsved at its higheft fituation, the other 
halt r ining full of air, wdiich communicates the prellurc 
<’t the column of water to the preceding portion, and in this 
n anner the cff(£l of nearly ail the water in the wheel is 
united, and becomes equivalent to tliat of the column of 
wyter, or of water mixed with air, in the afeending pipe. 
The air ncjrefl the joint is comprefled into a fpace much 
fmaller thn^ that which it uccupn tl at its entrance, fo that 
where the height is confiderable, it iiecomes advifeable to i^d- 
mit a la.gcr portion of air than would naturally fill half the 
coil, and this lefiens the quantity of water railed, but it 
lefiens alio the force required to turn the machine. The joint 
ought to be conical, in order that it may be tightened when 
It becomes loofe, and the prelfure ought to be removed from 
it as much as pofliblc. The lofs of power, fuppofing the 
maclnne well conltrudied, arifes only from the tridtion of 
the water on the pipe, and the fridtioii of the wheel on its 
axis ; and where a large quantity of water is to be railed to a 
moderate height, both of thefe refitlances may be rendered in- 
confiderable. But when the height is very great, the length 
of the fpiral mull be much incrcafcd, fo that the weight 
of the pipe becomes extremely cumberfome, and caufes a 
great fndtion on the axi?*, as well as a llrain on the machinery; 
thus, for a height of 40 feet. Dr. Young found that the 
wdiecl required above 100 feet of a pipe which was three 
quarters of an inch in diameter; and more than one half of 
the pipe being always full of water, we have to overcome 
the friction of about 80 feet of fuch a pipe, which will re- 
quire 24 times as much cxccfs of preflure to produce a given 
vilocity, as il there were no fridtion. The centrifugal force of 
the water in the wheel w ould alfo materially impede its afceiit 
if the velocity were confiderable, fiiice it w'ould be always 
poilihlc to turn it fo rapidly as to throw the whole water 
back into the fpoon. The macliine which Dr. Young had 
eredted being out of repair, he thought it more eligible to 
fubllitute for it a common forcing pump, than to attempt to 
make any furtlicr improvement in it, under circumilances fo 
unfavourable. But if the wheel with its pipes were entirely 
made of w ood, it might ir. many cafes fucceed better ; or 
the pipes might be made of tinned copper, or even of earthen- 
ware, which might be cheaper and lighter than lead. See 
15. 

The centrifugal force, which is an impediment to the 
operation of Wirtz's machines, lias fometimes been employed 
together with the prellure of the atmofphere, as an imme- 
diate agent in raifing water, by means of the rotatory 
pump. This machine confillH ot a vertical pipe, caufed to 
revolve round its axis, axd connedled above with a horizontal 
pipe, which is open at one or at both end®, the whole being 
turniftied with proper valve® to prevent the efcape of the 
water when the machine is at reit. As foun as the rota- 
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tion becomes Tufficiently rapid, the centrifugal force of the 
water in the horizontal pipe caufes it to be diTcharged at the 
end, its place being fupplied by means of the preHurc of 
the atmofphere on the refervoir below, which forces the 
water to afeend through the vertical pipe. It has alfo been 
propofed to turn a machine of this kind by the countcr-pref- 
fure of another portion of water, in the manner of Parent's 
mill, where there is fall enough to carry it off. This machine 
may be fo arranged, that, according to theory, little of the 
force apj)lied may be lolt ; but it has failed of producing in 
prafticc a very advantageous cfTefl. Young’s Phil. vol. i. 
See Centriku(:\l Machine^ and Wiikkl. 

Screw, Did or BarreU a powerful machine for lifting 
heavy bodies ; and, when placed againft the gripe of a (hip 


SCREW 

to be launched, for darting her. It conlifts of two large 
^oppetSf or male (crews, having holes in their heads to admit 
levers to turn therewith, a bed formed of a large oblong 
piece of elm, with female ferews near each end to admit the 
poppets, and a foie of elm plank for the heels of the pop- 

f )et8 to work on. When ufed for launching of ftiips, the 
urface of the foie is inclined fo as to (land fquare to tiie Item 
or gripe. 

Hand-ferewst or jitcisf double or Angle, are ufed by 
hand to lift weighty bodies. It confifts of an elm box, con* 
taining cogged iron wheels, of increafing powers. The 
outer one, which moves the others, is put in motion by a 
winch or handle on the outfidc. They are called Angle or 
double, according to their increafing force. 



Serge 


SERGE, in ComOTfrrf, a woollen quilted (luff, maniitac- 
tured oil a loom with four ireddlcs, after the manner of ra- 
tcens, and other (tuffs that have the whale. 

The gnoduefiL of ferges is known by thcqudtiiig, as that 
vi by the fpinuing. 

Of lerges there are various kinds, denominated either from 
the different qualities of them, or from the places where they 
are wrought. The moil ronfidcrabL* is the London ferge, 
now highly valued abroad, particularly in France, where a 
mamifafturc has been carried on with good fuccefs, under 
the title of y?Tfr Londrts, 

Sr.HOi', Mmufatlure of London, For wool, the longeli 
IS chofeii for the* warp, and the flmrtcd for the woof. Be 
fore either kind is nfed, it i firft fcoured, by putting it in 
a copjier tff liquor, lomewluit more than lukewarm, com- 
pofed of three parts of fair water and one of urine. Aftei 
having llaid long enough therein for the liquor to dilfolvc, 
and lake ofl tie,' greafe, &c. it is ftirred bnikly about with 
a wooden peel ; taken out of the liquor, drained, and walhed 
in a running water, dried in tiie (hade, beut'ui with (licks on 
a wooden rack, to drive out the coarfer dirt and filth, and 
then packed clean with the hands. Thus far prepared, it ii 
greafed with oil of olives, and the hmgefl jiart, dclliucdfoi 
the warp, is combed with large combs, heated in a little 
furnace for the purpofe. To clear ofl the oil again, trie 
wool is put ill a liquor comjmled of hot waHT, witli foap 
melted in it : whence being taken out, wrung, and dried, 
it is fpun on tlie u'heel. 

As to thfc* (liorter wool, intended for the wool, it is only 
carded on the knee with fmall cards, and then Ipun on the 
wheel, without being fcoured of its oil. Note, the thread 
for the warp is always to be fpun much finer, and better 
twilled than tliat of the woof. 

The wool both for the warp and the woof being fpun, and 
the thread divided into fkains, that of the woof is put 
on fpools (unlcfs it have been (pun upon them) fit for the 


cavity or eye of thi’ (liutiie t andtlir.f iorrlie warp is wouiul 
on a kind of wooden hvibhins to fit it for warping. When 
waiped it IS (lilh i)fd with a kintl of ti/e, of wliitii that made 
of the (hredsof parcliment is held the tmif ; and wlv'ii dry 
is j)ut on the loom. 

When rnoinit(‘d on the loom, the wi'rkman railing and 
falling the thread') (whieh aie pilled through a reed), by 
means of lour trecldles placed imderneath the loom, winch 
he makes lo ai^t traiifverlely, equally and alternately, one 
after another, wiih his leet, in proportion as I h(‘ threads an 
raifed and lowered, throws the (hut lie acrofs from onf‘ fide 
lo the other; and each time tliat the Ihiittle is thrown, and 
the thread of the woof is erofled between thole of the warp, 
(trikes it with the frame to winch the reed is fallcned, 
tlirough whole teeth the tiireads o'f the warp pals ; and this 
ifroke he repeals twice or thrice, or even more, till he 
judges the eroding of the ferge lufficiently clofe : thus he 
proceeds till the warp is all filled with woof. 

The ierge now taken off the loom is carried to the fiilFr, 
who fulls, or fcours it in the trough of hi", mill, with a kind 
of fat earth, called fullers-carth, lirlt purged of all (times 
and filth. After three or four hours fcouring, the fullers- 
carlh is wafhed out in fair water, brought by little and little 
into the trough, out of which it is taken when all tlie earth 
is cleared ; then, with a kind of iron pincers, or plyers, they 
pull off all the knots, cuds, (trawR, &c. (licking out on the 
(urfacc on cither lide ; and then returning it to the fulling 
trough, where it is worked with water fornewhat more 
than lukewarm, with foap diffolvod therein for near two 
hours : it is then Avafhed out till fuch time as the water be* 
comes quite clear, and tlierc be no figns of foap h-ft ; then 
it is taken out of the trough, the knots &c. again pulled 
off, and then put oix the tenter to dry, taking care as full as 
it dries to (tretch it out both in length and breadth till it be 
brought to itsjuft dimcmfions. When well dried, it is taken 
off the tenter, and dyed, (horn, and prclled. 



Shaft 


SHAlTf in Building, The Jhaft of a column ia the 
body of it ; thus called from its llraightnefs ; but by ar- 
chiteAs more frequently the full. See the dimeiifions under 
Column. 

Shaft h alfo ufcd for the fpire of a church-fteeple ; and 
for the (hank or tunnel of a chimney. 

Shaft, or TunnelPit^ is the well through which the 
fluff, excavated from a tunnel, is drawn up to the fur- 
face. 

Shaft of a Minct is the hollow entrance or paflage into 
a mine, funk or dug to come at the ore. 

In the tin-mines, after this is funk about a fathom, 
they leave a little, loiig, fquare place, which is called a 
fhamkh. 

Shafts are funk fome ten, fome twenty fathoms deep into 
the earth, more or lefs. Of thefe (hafts, there is the land- 
ing or working-fhaft, where they bring up the work or ore 
to the furface j but if it be worked by a horfe engine or 
whim, it is called a whim-fhafl ; and where the water is 
drawn out of the mine, it is indifferently named an engine- 
(haft, or the rod-(haft. See Mine and Qua any. 

Shaft, in Agriculture^ a Marne provincially applied to a 
handle of a tool ; as a fpade, fork, &c. 

Shafts of Carts m<l IVaggons^ the parts or poles be- 
tween which the thill-horfes iaw, Tlie manner in which 
the fore-horfes are attached to thefe (hafts, wlien tliere an; 
more than the thill-horfes in the is a matter of great 

confcquencc ; as the weight or preffure on them is more or 
lefs, according to its nature, and the way in which it is 
performed. See Tmii-Horfes and Waggon. 

SuAFT^Drain, that fort which is effefted by carrying a 
fort of (haft or pit down to the porous ftratum below, and 
which is in ufe where a fuperficial defeent cannot be had 
for the colleAed waters, and an open ftratum lies beneath 
the fubfoil, ready to receive it. A communication between 
them becomes here of high advantage, as the colt and at- 
tention of railing the water by macnincry may thereby be 
avoided. In cafes of this kind, Mr. Mar(hall advifes the 
drainer to afeertain the lowed point of the (cite to be im- 
proved ; and there, fays he, fink a (haft down, and into. 


the receiving ftratum, 'and fill it up to within a few feet of 
the furface, with rough ftoiiea, the roots of trees, or other 
open materials ; and, on the top of thefe, form a filter, 
with heath and gravel, or oiher fubltances, that will pre- 
vent earthy matter, or water in a foul ftatc, from entering 
tl4e (haft : and to this filter lead the colleAed waters. And 
that where the water is collefted by the means of covered 
drains, and where the filter alfo has a covering placed over 
it, the entire procefs will be free from external injury ; and 
a work of this kind may remain unimpaired for ages. But 
even if the w^aters were collefted by open drains, and the 
filter wtre fuffered to remain in a ftatc of negleft, until the 
(haft, in procefs of time, (hould become defeftive, the re- 
medy would be eafy. Embrace, fays he, a dry fcafon to 
re-open the (haft, and to cleanfe il, and the materials with 
which it may be filled, from their impurities ; and thus 
reftore it, at a fmall expence, to its original flate of per- 
feftion. It is further ftated alfo, that if the feite of im- 
provement be liable to any other furface-water, than what 
falls on its own area, fuch water ought to be conduAed 
away from it fiiperficially, by cutting it off at fuch a height 
as will gain a fufficient fall. And that where the quantity 
of water, which defeends into it fubterraneoufly, (or would 
defeend, if a free pa(r3ge were opened for it, ) (hould be 
found to be too copious to be readily difeharged by a 
(haft-drain, in the manner here propofed, proper efforts 
(hould be ufed to cut off the fupply, or as much of it as 
may be, by a perforated trench or otnerwife, at a fufficient 
height to be able to convey it away fuperficially ; and with 
a fufficient fall, to prevent its entering the area to be im- 
proved; which will thus have only its own fuperfluous 
waters to difeharge by the (haft. He is defirous to clear 
the way which leads to this valuable improvement, as he is 
convinced that tiiere are many initanccs in which it might 
be applied with great profit. Many of the low, flat-lying, 
moory vallies of Norfolk, from wL^fe bafes fapcrficial 
drains would be difficult to make, have for their fubftruc- 
tures, it is probable, he fays, infatiable depths of (and ; 
and that, in every dittriA ot the ifland, fuch objeAs as are 
proper for this praAice may be found. 



Sheffield 


Sheffield, or Sheajffiildy in Geogrnphyy a large and 
populous market and nianufu6turing town in the (outh 
divifion of the wapentake of Strafford and Tickhill, 
liberty of Hallamfhire, Welt Riding of Yorkffiirc, England', 
is fituated at the diftance of 36 miles S. from Leeds, and 
162 N.N.W. from London. The* origin and remote hif- 
tory of this town are totally unknown. In the 13th cen- 
tury it was noted as a ftaple for arimlcs of iron manufacture. 
Chaucer, who wrote in tli'* reign of Edward 111 ., men- 
tions the “ Sheffield Wliittfy’ in one of his p<icrri:j. At that 
period it was likevvife diftingu'fhcd by a ftrong caille, winch 
flood at the noith-ealt of the Uiv/ii, and is faid to liave been 
built during the fovereignty of Henry I if. This calUe 
defeended from the Lovetofts to the Nevil^, lords Furnival, 
and palled from them to the Talbots, earls of Slirew/bury, 
and fubfcquently to the Howards, dukes of Norfolk, in 
whofe family the lordlhip of tbe manor is flill veiled. 
During the civil wars between Clurks I. and his parliamenl, 
Sheffield calUo fullaincd along liege in the caulcot royalty, 
but eventually furrciidered upon hot'ourablc terms, on the 
loth of Augull, 1644, and wa'-' fonn afterwards ordered to be 
demolilhed, which feems to have been done moll cffeiliully, 
as Icarcely a vellige of it can now be difcovcred. 

Though Sheffield, as already faid, was ceniidered as a 
ftaple for iron mainifaftures at a vi-ry early period, its trade, 
for feveral centuries, was comparatively conlined and pre- 
carious, and confided almoft « ntirely in the rnakmgof (heath* 
knives, fciflors, lickles, and icythes. About tim comni'-ncc- 
mentof the I7lh century, an ordinary kind of tobacco-box 
of iron, and Jews’ harps, began to be manufaftured here ; 
and in 1625 the mailer manufafturers were firft incor- 

f orated by the ftyle of “ The Company of Cutlers of 
lallamfhire.” This corporation is governed by a matter, 
elefted annually, fix fearchers, and twenty-four affiftants, 
and is the only body corporate yet exilliiig in Sheffield. 
It was not, however, till after the year 1750, that thi? 
town affamed the rank it now holds in manufafturing 
opulence. Previoufly to that period, none of the manu- 
fafturers had extended their traffic beyond the limits of 
Great Britain ; but in the fame year Mr. Jofeph Broadbent 
opened a diroft trade with the continent ; and in 1751, the 
river Don having been rendered navigable to within three 
miles of the town, that facility was given to exportation, 
which has fince proved fo beneficial to its manufafturing 
intereftfi. Soon afterwards Mr. Thomas Bolfover began 
to plate brafs and copper buttons with filver ; and in 175B 
the filver plated manufaftuve was commenced on an exten- 
five fcalc by Mr. Jofeph Hancock, and has fubfequentlv 
been profccuted with great advantage by a numerous clafs 


of individuals. Tiu‘ opulence and population of the town 
increaled from that tune witjj great rapidity, and foon 
gave rile to minKrous convcniviicies and improvements, 
both ufeful and oniaineiilal. In 1760, the firfl ilage-coach 
llartcd from Sheffield for Londou ; and in 1762, the 
theatre and aflembly-room weie built by fubfcriptloiu In 
1770, the firll bank 111 Sheffield was opened by Mr. Roe- 
buck ; and in 1786, the new market-place wa?; formed, 
about the lame time that Mcllrs. Proc^fors crefted the firll 
fteam-enginc grniding-wheel. In 1793, hackney coaches 
were introduced ; and in the fame year alio was laid the 
foundarion of the General Infirmary. Thefe circumllances 
are mentioned, bccaufe they are calculated to dilplay the 
progreflive benefits refulting from fnccefsful indullry and 
nigeniiity, the contemplation of which can fcarcely fail to 
cxcitc pleafiirablc emotions in every bread. 

To notice particularly the various articles mamifadturcd 
at Sheffield of late years, would occupy too confiderable 
a fpace to admit of the attempt. The two great divi- 
fions of them arc into cutlery and plated gooefs, each of 
which branch out into numerous ramifications. The 
mannfafture of the latter is almolt entirely confined to the 
town, and comprehends a great diverfity of articles : fuch 
as tea-urns, coffee-pots, tankards, cups, candlellickvS and 
other pieci's of table furniture. The cutlery divifion em- 
braces the making of edge-tools, combs, cafes, buttons, 
feiidiTb, files, anvils, joiners’ tools, lancets, forks, hafts, 
ink-flands, nails, knives of every defcriptiori, feiffors, 
fcyihcs, fickles, awl-bladcs, bellows, &c. to which we (hall 
only further add the refining of ftecl. Many of thefe 
manufafturcs are carried on in the country, as well as in 
the town, clpecirilly in the villages and hamlets of Alter- 
cliff^, Bentfgrecn, Brightfidc, Buttorthwaite, Carbrookc, 
Darnal, Dyfon-Holmes, Dungworth, Ecclesfield, Greeno- 
fide, Grimesthorpe, Hallam, Miln-houfes, Newfield-Grcen, 
Owlcrtoii, Pittfiiioor, Stannington, bhiregrecn, Upper- 
Hecley, Waddey, Woodleats, &c. ; all of which are 
fituated within feven miles of Sheffield, Befides the above 
manufadtures, there arc in the town and its vicinity feveral 
extenfivc founderies for iron, brafs, and while metal. 

Sheffield occupies a line eminence at the confluence of 
two rivers, the Sheaf, whence the name of the town is 
derived, and the Don. In former times the houfes were 
entirely built of Hone ; but for tlie lad century they have 
been chiefly cumpofed of brick. There are few towns 
which furpafs it in the regularity of its llreets, many of 
them running in a direft line, and diifclaying a feries of 
uniform and refpedtable edifices. Sheffield extends about 
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a mile in length, from north to fouth, and nearly as much 
in breadth, from eaft to well. According to the popu- 
lation ccnfus of i8ii, it contains 7927 houles, and 35,840 
inhabitants, being an increafe of 4526 pcrfoiis iince 1801, 
the date of the preceding report, notwithllanding the re- 
tardalion its manufaduring prol’perity has fuftained during 
that eventful period. According to Gofling’s plan of the 
town, made in 1732, there were 32 ftreets in Sheffield at 
that time : in 1771 thefe were incrcafed by 25 new llreets ; 
and in 1792, feventeen additional llreets had been made. 

Sheffield is not particularly dillinguiflied by the fupe- 
rioritv of its public buildings, which arc rather calculated 
for purpofes of utility than for fhow. The principal of 
them are the Town-hall, built in 1700, Ciitlers’-hall, the 
Goueral Infirmary, the allcmbly-room, and tlieatre, and four 
churches bclongiug to the ellabhlhment. Neither the 
Town-hall nor CutlersMiall deferve attention as architec- 
tiiinl produdions ; but the infirmary and theatre are hand- 
fome llrudures. The former, commenced in 1793, Hands 
on the well lidc of the town ; and in refped of litiiation, 
plan, medical aid, and comfortable treatment, may vie with 
alnioH any funilar inflitution in Great Britain. The latter, 
wliich occupies the fame building with the aflembly-room, 
ftand‘1 111 Norfolk-ilreel. The four churches are Trinity 
church, St, Paul’s, St. James’s, and a chapel belonging to 
the duke of Norfolk’s hofpital. Trinity church, anciently 
called St. Peter’s, is the parifti church of Sheffield, and 
appears to have been eredied as early as the reign of 
Henry I. On the fouth fide of the chancel is the Shrew!- 
bury chapel, which contains four monuments to the 
memory of the earls of Shrewfbury of the family of Talbot ; 
and on the mirth lido is a monument commemorating judge 
Jellbp of Broom-hall, and his lady. At the entrance to 
the fame divilion of tlic church are dcpofitcd the remains of 
William Walker, of Darnal, in this parilh, who is faid to 
have been the executioner of Charles I. Belides the above 
churches, Sheffield contains feven meeting-houfes for Pro- 
telUnt diHentens, one for Unitarians, two for Methodilts, 
one for Quakers, and a Rviman Catholic chapel. 

The duke of Norfolk’s hofjiital, mentioned ab >ve, Hands 
on the eallern bank of the Slicaf. It was founded and 
endowed in 1670, by Henry, e.irl of Norwich, and received 
a confiderablc acceffion of property by Edward, duke of 
Norfolk, in 1770. The building conriHs of two qiu’d- 
rangles, each coiitaiiiing eighteen dwellings, for the accom- 
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modation of eighteen men, and the fame number of women, 
all of whom receive five fhillings a-week, with clothing and 
coals. Here is alfo an hofpital founded by Mr. Thomas 
Hollis, a merchant of London, in 1703, for poor cutlers’ 
widows ; likewHe a free grammar-fehool, and two chnrity- 
fchooli ; one for boy**, and another for girls. 

The other objects of a public kind which remain to be 
noticed arc, the military barracks, fitiiatcd at the north- 
caflern extremity of the town ; and the bridges thrown 
over the Sheaf and the Don. That upon the latter river 
is called Lady’s bridge, from a religious houfe, which for- 
merly Hood near it, and was dedicated to the Virgin Mary. 
It was built in 1485;, but underwent great alterations and 
improvements in 1762. 

Sheffield has two market days> weekly, Tuefday and 
Saturday ; the firfl for corn, &c. and the fecond for 
butchers’ meat. There are alfo fifh-markets on Monday 
and Thurlday, and two annual fairs, one on the firll 
Tuefday after Wiiitfun week, and another on the 28rh of 
November. A new market-place, with extcnfive and com- 
modious ffiambles and other conveniencies, was formed and 
finilhed here Aug. 31, 1786. Sheffield fupports a weekly 
newlpapcr, called the Iris,” which is edited by Mr. James 
Montgomery, the author of “ The World before the 
Flood,” and other intcrellin^ poems. 

The fccncry in the vicinity of this town may be cha- 
ra6feri‘z.ed as romantic. It is furroimded by * lofty hills, 
commanding fine views over a populous and variegated 
country. At the diHance of about a mile and a half to the 
eaft ward, Hand the ruins of Sheffield manor-houfe, the ancient 
feat of the earls of Shrewlbury, where cardinal Wolfey 
was feized with the difeafe which terminated his life about 
a week afterwards, at the abbey of Leicellcr. Wharncliffe 
park, the feat of the honourable James Archibald Stuart 
Wortlcy, fituated on the river Don, fix miles to the north- 
well of Sheffield, is equally remarkable for the elegance of 
its maufion, and the beauty of the furrounding grounds. 
In the neighbourhood of Sheffiidd arc fomc alum mines ; 
and at Wickerfley, near the town, is a quarry, which fup- 
pliesthc nuuiufadturcrs with grind-lionts tor tlie tiuer articles 
of cutlery. Aikin’s Delcrijilion of the Country round 
Mancheller, 410. 1795. Magna Britainii.*, 4to. J703. 
Camden’s Britannia, fol. edit. 1789. Be.iutie*? of England 
and Wales, vol. xvi. by John Bigiaiid, 8v(\ 1812. Gentle- 
man’s Magazine, April and S»*|)teml)er, I7f>4. 
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SHOAD, in a term tor a train of metalline 

Hones mixed \mI‘i Ininelimcs lyinp near the furlare, 

lomelimes at coiiliderable depths but always Icrvuig to tlic 
miners as a proof that t!ie load or vein of the metal is 
thereabout. Tlie deeper lOe (hoad lies, the nearer is the 
vein. 

SiiOAD-iVflwrj, a term ufed by the mitiers of Cornwall, 
and other parts of this kingdom, to expreU fuch looit 
raafles of Itonc, as are ufually found about the entrances into 
mines, fometimes running in a ftraigfit courfc, from the load 
or vein of ore to the furface of the earth. 

Thcfe are ftoncs of the common kinds, appearing to have 
been pieces broken from the Itrata, or larger mafles, but 
they ufually contain mundic or marcafitic matter, and more 
or lefs of the ore to be found in the mine. They appear 
to have been at fume time rolled about in water, their 
corners being broken off, and their furface fmoothed and 
rounded. 

The antimony mints in Cornwall arc always cafily difeo- 
vered by the (hoad-llones, thefe ufually lying up to the fur- 
face, or very nearly fo ; and the matter oi the Hone being 
a white fpar, or debafed cryiUl, in which the native colour 
of the ore, which is a ftiining blueilh-black, cafily difeovers 
itfelf in itreaks and threads. 

Shoad-llones arc of fo many kinds, and of fuch various 
appearances, that it is not cafy to deferibe or know them : 


but the miners, to whom they are of greateit ufe in the 
tracing, or fcarchiiig after new mines, dillinguifh them from 
other Itoiies by their weight ; for if very ponderous, though 
they look ever fo much like common (tones, there is great 
reaion to fufpeft that tlify contain lonie metal. Auolhei 
mark of them is iheir being Ipungy and porous ; this is a 
fign of efpecial ule in the tin countries, for the tin ftinad- 
llones are often fo porous and fpungy, that they rcfemblc 
large bodies thoroughly calcined. There are many other 
appearances of tin ffoads, tlie very hardett andfirmelt ftoneb 
often containing thif metal. 

When the miners, in tracing a (lioad up hill, meet with 
fuch odd Hones and earths, that they know not well what 
to make of them, they have recourlc to vanning, that is, 
they calcine and powder the ftorie, clay, or whatever elfe k 
luppofcd to contain the metal ; and then w^afliiiig it in an in- 
(Irumcnt, prepared for that purpofe, and called a vanning 
Jtovelf they find the earthy matter walhed away, and of the 
remainder, the Houy, or gravelly matter lies behind, and the 
metalline matter at the point of the (hovel. If the perfon 
who performs this operation has any judgment, he eafily 
difeovers not only wliat the rnetal is that is contained in the 
(hoad, but alfo will make a very probable guefs at what 
quantity the mine is likely to yield of it in proportion to 
the ore. Phil. Tranf. 69. Price’s Mineralogia, 
p. 124, &c. 
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SHOE, in Orography, a fmall ifland in the Pacific ocean, 
near the coaft of Way^oo. S. lat. i'. E. long. 130*^ 53^ 

SuoK Indiunsy Indians of North America, inanillandof 
lake Miliouri. N. lat. 48^ i E. long. 105'’ 45^ 

Shoe, a covering for the foot, ufually of leather. 

Its Itrufture, though the object of a particular art, ihtoo 
popular to need explaining. 

Its hillory is more obfeure . Bend. Baudoin, a flioe-maker 
by profefli©n, has a learned treatife of the ancu*nt (hoe, ‘‘ De 
Solea Veterum,” where the origin, matter, form, &c. there- 
of, are particularly inquired into. 

Baudoin maintains, that GoJf, in giving Adam (kina of 
beads to clothe him, did not leave him to go barc-footed, 
but gave him (hoes of the fame matter ; that, after raw (kins, 
men came to make their (hoes of ruihes, broom, paper, flax, 
lilk, wood, iron, filver, and gold; fo difTcreni has imn 
matter been. Nor w^as their form more (lable, with regard 
either to tlie fliapc, colour, or ornaments ; they have been 
fquare, high, low, long, and quite even, cut, carved, &c. 
Pliny, hh. vii. c. 56, tells us, that one Tychius, of Bocotia, 
was the firft who ufed (hoes. 

M, Nilant, in his remarks on Baudoin, obferves, that he 
quotes Xenophon wrongly, to (hew that eve« in his time 
they dill wore (hoes of raw (l<ins. 

Xenophon relates, that the ten thonfand Greeks, who had 
followed the young Cyrus, wanting (hoes in their retreat, 
were forced to cover tlieir feet witli raw (Idns, which occa- 
(ioned them great inconveniencics 

Nilant will iivjl even allow, that the (lioes of the country 
people, called carlmtirKr, and peroneat were of crude fltin, 
without any preparation. 

The patricians, among the Romans, wore an ivory crefeent 
on their (hoes : lleliogabalus had liis (liues covered over with 
a very white linen, in conformity to th‘* prielts of the fun, for 
whom he profefled a very high vene. a*ion ; this kind of Ihoe 
was called uJof or odo> Caiigula wore Paoes enriched 
with precious Hones, 'fae Indians, like the Egyptians, 
wore (hoes made of the bark of the papyrus. The Turks 
always put olT their (hoes, and leave them at the doors of 
the mofqucs. 

Shoes maJr by rivfttinj^ injlead of fewing. A patent 


w.r, taken out for this invention in 1809, by Mr. David 
Mead Randolph, an American. In his fpecification, he dc- 
(enbes that the rivettiiig which he propofestofubllitute for 
fewing, is only applicable to the foies and heels of boots or 
(lioes, all the other parts being made in the ufual mAnner, 
The lajl which is ufed for this method is the Jnly implement 
which demands a jiarticiilar defeription. It is fird made in 
wood, of the fame figure as the common lad, and adjudedin 
the ufual manner to the fize and (liape of the (hoe which is 
intendid to be made or put together upon it. The lower 
])art or foie of the lail is then covered with a plate of iron or 
lleel, about the fame thicknefs as aftout folc Icatlier ; this plate, 
being formed to the exaft (hape which is defired, is fallened 
down upon the wood by ferevvs or rivets. The iron plate 
lias three circular holes made through it, one at tlie toe, an* 
other about Iralf way between the toe and the heel, and a 
third at the heel : the lioles are about an inch in diameter, 
and being filled up with wooden plugs, and cut down even 
with the lurfacc of the iron, they will admit the points of 
temporary nails to be driven through the leatlier foie to pe- 
netrate into the wood, and fix the foie upon the lad whilll 
the work goes on. 

The mating of the (hoc is conduAcd in the ufual manner, 
until it is ready for putting on the lad. To do this, the inner 
foie is put upon the iron foie of the lad ; then the upper- 
leathers are put upon tlie oppofitc part, and the edges of the 
leather are turned down over the edges of the inner fok? : the 
outer foie is then applied over the turning-down, and fallened 
in a temporary manner upon the lad, by driving one or two 
nails, through both foies, into the wooden plugs before men- 
tioned, which fill up the holes in the iron face of the lad. 
Now, to unite the two foies to the upper-leathers, holes are 
pierced all round the edges of the foie, and fmall nails are 
driven in, which are of fufficient length to penetrate through 
the foie and the turning-in of the upper-leathers, and 
alfv) through the inner folc, fo as to reach the metal face 
of the lad, and being forcibly driven, their points will 
be turned by the iron, fo as to clench withinfide, or rivet 
through the leather, and ferve indead of the lewing or ditclv 
ing commonly employed to unite the foie to the upper- 
leatliers. 
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SiiOES, Machines fir making, Thefe are the invention of 
Mr. Brunei, of whofe mechanical genius we have had frequent 
oecafioR to fpeak in this work. He has lately eftablifhed 
at Batterfea an extenfive manufactory of fhocs, chiefly 
intended to fupply the army, where all the operations 
are performed by the aid of machines, which aCt with 
fuch facility, that they can be managed by the invalid fol- 
diers of Chelfea Hofpital, who are the only workmen em- 
ployed, and moft of them difabled by wounds, or the lofs of 
their legs, from any other employment. 

The (hoes made by thefe machines are different from the 
common fhocs, in the circumttance of the foie being united to 
the upper-leathers by a number of fmall rivets in Head of 
fewing, in the fame manner as thofe we have mentioned in 
the preceding article. To facilitate the defeription we intend 
to give of the machines, we fliall firll deferibe the liruCfure of 
one' of thefe flioes. Its upper-leathers are the fame as any 
other (hoes, and confill of three pieces ; vi%, the vamp, or 
part which covers the upper part of the foot, and tlie two 
quarters which furround the heel, and arc fewed together be- 
hind it ; they are alfo fewed to the vamp at about tlic middle 
of the length of the fhoc. The foie part of the fhoe is 
compofed of the real or lower foie, with its welt, the liecl, 
and the inner or upper folc. 

The lower foie has an additional border, which is called 
the runner, or welt, fixed upon its upper fide, all round the 
edge, by a row of rivets, fo that it makes a double thicknefs 
to the foie towards the edge ; but tins additional piece is 
only of fmall width from the oiitfide of the foie inwards, 
and gradually diminiffies away in thicknefs to nothing, as it 
recedes from the edge of the folc, fo that the middle part of 
the foie is only of the fame thicknefs as the fingle leather. 
The upper-leathers are made fufficicntly large to turn in, all 
round, beneath the foot, under the edge of the inner lole, 
for about three-quarters of an inch wide, and the outer 
foie, reinforced by the welt, is applied beneath, fo that the 
turning. in is included between the two foies ; that is, it is 
included between the edge of the inner lole and the welt, or 
extra thicknefs which furrounds the lower foie. To hold 
the ffioe together, a row of rivets is put through the foie, 
all round the edge, and tliey arc of iufficient length to pafs 
through all the four thicknelles, viz, the lower foie, the 
welt, the upper-leathers, (where they are turned in,) and alfo 
through the inner foie; and thefe rivets being made fait, unite 
the parts of the fhoe together in a much firmer manner than 
fewing. The rivets have no heads, but arc made tapering, 
and the largeft ends are on the outfidc of the fok, which 
prevents them from drawing through ; and at the fame time, 
the (Irength of the rivetting will not be materially impaired 
by the gradual w’earing away of the folc leather. 

Thefe rivets prevent the wear in a very great degree, and 
for this reafon there is a greater number of rivets put into 
the foie than merely thofe which hold the fhoe together. 
The different nails are, firit, the Jhort nails^ or rivets, which 
only penetrate through the fingle thicknefs of the lower folc ; 
thefe are arranged in parallel rows acrofs the tread of the 
foot, that 18 , Aout two-thirds of the length from the heel ; 
there is likewife a double row of fhort nails, which is car- 
ried round parallel to the outline of the toe, at about three- 
quarters of an inch from the edge, and extends as far as the 
middle of the foot. Next, the fading nai/s, which are of 
a fufficient length to reach through both the foie and the 
welt, and thus fix the two together : of thefe, there is a row 
all round the edge of the foot, nearer to the edge than the 
row of fhort nails before mentioned. LafUy, the long 
nails t which, as before deferibed, fallen the fhoe together : 
thefe form alfo a complete row round the edge of the 
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whole fhoe, and nearer to the edge than any of the pre^ 
ceding rows. The heel is alfo fafteiied on by a row of long 
nails round its circumference. The heads or thick ends of 
all thefe nails appear on the lower furface of the foie, and 
all contribute to preferve the leather from wearing. We 
fhall now proceed to a defeription of the ingenious iiiflru- 
ments and machines ufed in this manufadtorv, beFinnintr 
with thofe for 

Cutting out the Leather . — This is performed by (lamps, 
each of which is an iron frame or ring, bent to the fize and 
figure of the foie, or other part to be cut out by it ; one 
edge of the frame is edged with ffeel, and ground (harp, lo 
that it will cut the leather : the fharp edge of this frame 
being placed upon the Ikin, and Itruck with a mallet, will cut 
out a piece from the flein, which is exadlly of the fame fi/c 
as the interior opening of the frame. The leather for the 
foies is firll foftened, by foaking it in water ; the Ikin is then 
fpread out on a block or table of lead about two feet long 
and eighteen inches wide, and the (lamp or knife for the 
foies is placed upon the ficin in the moll advantageoim po- 
fition to cut out the piece ; then two or three blows upon 
the top of the knife with a beetle or large wooden mallet, 
forces its edge through the leather, and cuts out the piece, 
which remains in the opening of the knife, but being taken 
out another is cut in a firnilar manner. 

A knife of this kind is provided for all the pieces which are 
ufed to form the Hioe, and they arc called after the names 
of the refpeftive pieces, which are as follow : i . The 
foie, which is not cut out the full lize for the foie of the (hoc, 
but wants a piece at the heel. 2. 'fhe folc-pit^cc is a femi- 
circlc, to be joined to the folc to make up the heel. 3 The 
heel : thefe two lall pieces arc cut out of the fmall pieces, or 
feraps of leather. 4, The runner, or welt, which is applied 
upon the foie, all round the edge, to make the extra thick- 
nefs where the upper-leather is lo be joined to the foie. All 
thefe parts are cut out from the ftrong hides, y. The inner 
foie. The upper-leathers arc, 6, the vamp, or part which 
covers the toes and upper part of tlie foot ; 7 and 8, the 
right and felt quarters, which furround the heel, and are 
fewed to the vamp, being alfo fewed togetlier behind 
the heel. 

All thefe parts, except the wtIis, are cut out by knives 
of the above defeription, there being a fet of knives for every 
diflerent-lized llioe which is made in the mamifaiSlory. For 
cutting out the inner foies, the knife is fixed horizontally, 
with its edge upwards, beneath a heavy call -iron lever, 
which moves on a centre pin, fupported in the lame framing 
which (ullains the knife. The lever has a plate of lead at- 
tached to it near the centre, fo that when it is brought 
down horizontally the lead will defeend upon the knife, 
the edge of which being imprinted into the lead, will cut 
through the leather which is previoully fpread upon the 
knife. To ufe this cutting-out machine, the folc is firtt 
cut out roughly from the fkiri hy a common cutting-knife 
round a wooden pattern, and the lever being lifted up nearly 
to a vertical pofition, the rough folc is laid fairly upon the 
edge of the knife ; then, by letting fall the lever, its weight, 
and the leverage upon the plate of lead, caufes a Iufficient 
preffure upon the leather to force it upon the edge of the 
knife, and cut it to tlie exa6l fliapc required. The lever is 
guided in its defeent, to enfure that its lead fhall fall pre- 
cifely upon the knife. 

Immediately after the folcs are cut out, they are llamped 
on the grain-fidc of the leather with a number which de- 
notes the fize of the fhoe to which they belong. The flamp 
is engraved on the face of a fmall hammer, fo that one blow 
makes the defired mark. The heels and otlicr parts are alfo 
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marked, that the workman may make no miftakes in putting 
the (hoes together. 

The leather for the welts is cut into ftrips of about an 
inch wide : for this purpofe, the piece is fpread on a flat 
table about two feet fquare, the furface of which is 
covered with fmall iron rulers the width of the intended 
ftrips, and ferewed down upon the wooden table, leaving 
between them fufiicient fpaccs to admit the point of a knife. 
Several fmall pins projc£t up from thefe iron rulers to pene- 
trate the leather and hold it fait. To confine the leather 
down whilft it is cut, a frame of iron is fixed to the table by 
hinges at one end, fo as to fold down horizontally upon the 
leather, and the frame is covered all over with fimilar rulers, 
the intervals between them correfponding exactly with thofe 
between the rulers on the table. The cutting is performed 
by a hooked knife, fixed into a long handle. The workman 
holds down the frame upon the leather, and introducing t^e 
hooked point of the knife between the bars, draws it to- 
wards him ; this cuts through the leather, and he repeats it at 
every interval between the rulers, and thus divides the whole 
leather into flips of the fame breadth as the rulers. 

To prepare thefe flips for ufe, each one is fplit lengthways 
into two other flips, by an oblique cut along the middle of 
it ; thus producing two flips, which have bevelled or fea- 
thered edges, fimilar to a rider for drawing. The fplitting 
of the ilrips is performed by a very complete machine, con- 
fiding of a pair of brafs rollers, one of which is turned 
by a winch, and the other receives its motion from it by 
means of a pair of equal cog-whcels, one wheel being fixed 
upon the ends of each of the rollers. The rollers are mounted 
one above the other in an iron frame, in a fimilar manner to 
thole ufed for laminating ; the lower one has a groove formed 
round it, which is of a proper fize to receive the ftrip of 
leather before it is divided, and the preflure of the upper 
roller comprcfll's it into the groove. A guide, confiding 
of an iron dem, with a fquare hole through it, is fixed up 
before or in front of the rollers, to condu^ the leather into 
the groove ; and on the oppofite fide, or behind the rollers, is 
a Item, or dandard, which receives a cylindrical llccl pin, and 
holds it fad in an horizontal pofition, in the direction in which 
the drip of leather will move when it comes through the 
rollers. The end of this dec! pin is flattened and ground 
to a fine (harp edge, like that of a chiflcl, and prefenting itfelf 
to the end of the drip of leather as it is paffed through the 
rollers, will evidently divide the drip longitudinally into two 
pieces, when the leather is forced forwards againd the edge of 
the cutter by the motion of the rollers. This edge is placed 
obliquely to the axis of the rollers (or to the furface of the 
leather which pafles between them), and therefore will divide 
it by an oblique cut, fo as to produce two narrow feather- 
edged pieces from each drip. The preffure of the rollers 
Upon the leather tends to confolidatc its texture, and fupply 
the place of hammering. 

Preparation of the Soles* — The leather is hardened by 
pafiing it between rollers, to produce the fame effedl as 
hammering does in the ordinary method of flioe-making. 
The rollers ufed for this purpofe are made of brafs, about five 
inches diameter, and as much in length ; they are mounted in 
the ufual kind of frame, except that indead of ferews to 
hold down the upper roller, and regulate its di fiance from 
the lower one, two plain cylindric pins are inferted into the 
holes which ufually receive the ferews, and thefe pins have 
a drong lever bearing upon their upper ends, to prefs the 
upper roller down upon the lower, by the adlion of a 
weight at the extremity of the lever. Thefe pins are only 
about four inches didant from the centre or fulcrum of the 
lever, and the weight {of about lOO pounds) is at a didance 
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of four feet from the centre, it therefore prelfes down the 
upper roller upon the lower, with a force of nearly 1 2CX) 
pounds. The lower roller has a cog-wheel upon the ex- 
tremity of its fpindle, which is moved by a pinion upon the 
end 01 an axis turned by a winch ; one man turns this wuich 
and another puts the foies between the rollers. Two foies 
are prefented toother, being laid one upon the other, with 
the fledi Tides of the leather towards each other, and an iron 
plate is placed between them, which is made thick in the 
middle, and diminidies every way to the edges, where it is 
thin. The grain or hair fide of the leather of the two foies 
is outlide, fo as to be in conta 6 l with the rollers when the 
foies are prefented to the machine which draws them in ; 
and when they have nearly paded through, the man w'ho 
turns the winch reverfes the motion, and rolls them back 
again, then forwards, and fo on for four or five times, in the 
fame manner as the motion for mangling linen. After this 
operation the leather becomes hard and folid, and much rc 
duced in thicknefs, particularly at the middle part. 

The heels being fo fmall cannot conveniently be rolled ; 
but to produce the fame effeft they are damped in a fly. 
prefs : for this purpofe, a heel-piece is put into a fmall box 
or cell of call -iron, of a proper fliape to receive it, and a 
thick plate, which is fitted to the box, being laid upon it, 
the whole is put beneath the ferew of the prefs, one blow 
of which is fufficient to prefs the iron plate upon the leather, 
with a force which will render it hard and folid. 

The folc is msde complete by joining to it the fmall femi- 
circular piece at the heel ; for this purpofe, the part ^ which 
are to be joined together are cut bevelled, fo that they will 
overlap without incrcafing the thicknefs, and then three or 
four nails are driven through the bevelled parts, to hold 
them together. To cut the joints bevelled, a fimple prefs 
is ufed ; the foie is laid flat upon the edge of the bench, and 
a piece of iron is prefled down u])On it by a lever, upon 
which the workman leans his elbow. The edge of the 
bench is bevelled, and faced with iron, and this, together 
with the upper piece of iron, guides the knife, fo that it 
will cut the joint bevelled : the heel-piece is then cut in the 
fame manner, but reverfed. 

^pplisation of the Jfjort Nails , — The leather for the foie is 
next inlaid with Ihort copper or iron nails, which are put 
through holes in the leather, in the broad part of the foot, 
where the grcatcll wear will take place; and there is alfo a 
double row of fimilar rivets, inlaid round the toe part, at 
about three-quarters of an inch within the edge of the foie. 
The holes for thefe nails are firft punched in the leather of 
the foie by a punching machine, and then a fecond machine 
cuts the nails, and inferts them into the holes. 

The punching machine is moved by the foot of the work- 
man, who is feated before a fmall femicirciilar table of cafl. 
iron, on which he places the leather. This table is fup- 
portecl by a Itrong column, rifing from the floor to a height 
of about two feet above the table, which is joined to the 
column by a projedling bracket, io that the column is on 
the oppofite ude to that where the w*orkman is feated. The 
upper part of the column has two arms, projefting forward? 
from it towards the workman, and extending over the table ; 
at their extremities they arc formed into fockets, to fuftain 
a fquare iron rod or perpendicular Aider, which at the lower 
end has the piercer or awl ferewed into it : one of the 
fockets guides the upper part of the flider^ and the other 
the lower part, fo that it has a freedom of motion in a per. 
pendicular dire 6 lion, but no other. The Aider is caufed to 
defeend by means of a treadle moving on a centre pin, at- 
tached to the foot of the iron column, beneath the bench ; 
from this treadle an iron rod afeeods through a hole in 
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’bench (and alfo through holes in the arms, which projcft 
from the column to fuftain the Aider and at the upper end 
this rod is connected witli a lever, which moves on a joint at 
the upper end of the iron column, whilll the extreme end of 
the lever is connedted with the top of the perpendicular 
Aider. By this arrangement it is clear, that the foot, being 
preA'ed upon the treadle, will communicate motion by the 
iron rod and upper lever to the Aider and piercer, and 
force its point through the leather, which is placed upon 
the fmall iron table. A Aiort lever and counterpoife arc pro- 
vided to raife up the Aider again the inftaiit the preffure is 
removed. To prevent the piercer linking upon tlic iron of 
the table, and breaking the point, a ferew ib infcrted in a 
piece projediing from the Aider, and its point in defcc'nding 
comes to roll upon the upper of the two arms which ftdiain 
the Aider, and thus Hops the defeent of the Aider at the 
proper place. 

The piece of leather for the folc is fixed upon a pattern 
made of iron plate, cut to the fame fize and Aiape as the 
foie, which is united to it by two lharp gauge pins, which 
are Axed in the pattern, one at the middle of the tread, and 
the other in the centre of the heel; and thole yma piojcdl 
fo far, that they will juA penetrate through the leather, to 
bold it faft again ft the pattern, which is jierforated with all 
the lioles which are intended to be pierced in tlic lole. *^i'hc 
leather ib applied upon the pattern, and ftruck with a mallet, 
fo as to force the gauge pins into the leather, and unite the 
i le and the pattern' together ; the pattern is then laid Aat 
upon the table of the machine, witli the leather iippennoll, 
and is brought beneath the joint of the piercer, fo that it 
will penetrate in the defired place. Tv) aicertain this place, 
a fmall llud or pin is inferted into a hole in the table, in the 
cxacH fpot where the point of the piercer defeends ; the llud 
projcv^ls a little above the furhice {)f the table, but is only 
held up by a Ipring, fo that it can caiily be prefl’ed down. 
*rhe pattern being placed fo that any of the holes thervMn 
receive the point of the llud, it is <’videnl that wlnn tlio 
peclfurc of the foot makes the piercer defeend, its point will 
make a punv^ture in the leather which is faliened upon the 
pattern, which pundlure will be oppoAte to the hole in the 
pattern ; and though it perforates tiu* leather quite through 
the thick nefs, the point of the piercer cannot be blunted 
agalnft the irv)n, becaufe it is received in the hole ni the 
pattern, and the And defeends by the pivAure, fo th.it the 
pattern wnll lie quite ftat ny ni the lurlace of the table. In 
this manner the workman pu rees any mnnbiT of holes in tlie 
leather, placing it beneath tlie point of the piercer by the 
aid vif the pattern, and then prelling the foot to bring the 
point vlown and pierce the hole. A'-, foot) as tlie pii'rcer 
riles, he removes the pattern to another hole, and lo on. A 
fmall piece of iron is Axed jutl above the leather, w'hich pre- 
vents its being lifted up, and following ihe piercer when it 
rifes. The piercer palfes through a hole in this piece. 

Nailing Machine for the fljort Nails . — The folc being thus 
pierced with holes, the fhort nails are put into it by a very 
curious machine, which at the lame time forms the nails, 
by cutting them oft from the end of a Itrip of iron or cop- 
per, of the fame breadth as the lengtii of the intended nails. 

The foie is prefented to the machine by laying it upon a 
fmall table, Amilar to the laii machine, and is diredled by 
means of the fame pattern ; fo that each of the holes in the 
leather will be fucccAively brought beneath the point of a 
blunt piercer, which defeends by the aftion of a treadle. 
In the upper part of the machine is a pair of Aiears, to cut 
the nails ; they conAft of a lever, loaded at the extremity 
with a weight, and conne£^cd with the treadle, fo that the 
end of the fever is lifted up when the treadle is deprclfed by 
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the foot. Near the centre of this lever is a cutt'^r, wh’ch is 
Axed to it, and moves with it. Another cutter is hippor cd 
by the frame, fo as to be Itationary, and in the proper fttua* 
tion to come in contaft with the edge of the moving cutter, 
when the end of the lever is lifted up. The cutters ail in a 
manner Amilar to a pair of Aiears, to cut oA* a fmall piece 
from acrofs the end of a flip of iron, wliich is introduced 
between the cuttcT.s. This piece forms the nail or rivet, 
which is to be put into the hole in the leather ; and im- 
mediately after it u cut, U falls into a tube, by which it is 
conduiled down to a fmall cell or tube, fituated immediately 
over the leather. I n this the nail Hands perpendicular, and 
ready, when the piercer defeends, to be forced down into 
the Iiole in the leather ; bccaufe the cell which receives the 
nail is exadlly beneath the point of the piercer, fo as to hold 
it perpendicularly in the proper Atualion. The workman 
i.i feated before the machine, and with his riglit hand diredti.* 
the foie, with its palleni beneath the piercer, in the fame 
manner as before deferibed. In his left hand he holds the 
flrip of iron or copper which is to make the nails ; and he 
introduces the end of it through a fmall hole, which con- 
dudls to the cutters, puAiing it forward with a gentle 
forcv‘ : this caufes the end of the llrip to enter between tin* 
cutters, when the fhcars are open. Then adj lifting the ioK* 
by the pattern, fo that one of the holes in the leather will 
be bencatli the nail contained in the cell, he preffes down the 
treadle : this forces the nail down from the cell into 1 hi-* 
leather, by the defeent of the piercer, and at the lame time 
clofcs the Altars, and ents off a nail acrofs the end of the 
ftrip. Tlie nail iinmechalely defeends by the tube into the 
cell, where it. places itfi‘U jierpendicularly, and ready to be 
put in its place in its turn. Thus the machine, at every 
llrokv% cut? a frcfti nail to fupply the place of that which it 
puts ill the leather by the fame llruke. The ftrip of copper 
IS turned over ivcry time, to form llie nails tdternately head 
anvl ])oint. 

When all the nails are )mt in, they :.iv battered down 
with a hammer; and as they are but very little longer than 
the tfiicknef? t)f the lole, this reduces them to an even 
lurfaee. 

Jppruathm of the IVcli to the Sole. — The welt, or runner, i«5 
a narrow flip of leatlicr applied upon the lole, round its 
edge, to make the lole of a double thicknefs round the edge, 
wlitrc- the upper leather joins to the frde, although the foie 
is only Angle vvitliin. The welt is made from the feather- 
edged flips which we have before mentioned, and is faf- 
teni-d to the foie by tacking nails of fufticient length to pafs 
through botli the lole and the welt. 1 hefc nails are ar- 
rauyevi all n.uiid the circumference of thv» foie, and the 
holes are Arft pierced through the foie by the punching 
machine, which we have before deferibed, but by a dif- 
ferent pattern of iron, which is attached to the folc by its 
two gauge pins entering the fame holes which were made 
through the leather in tfic Arfl operation. 1 his pattern is 
pierced with a row of holes all round the circumference, 
which are arranged within the former row of rivets, or 
farther from the edge of the foie ; but around the toe and 
tread of the foot, for half its length, the holes are in double 
number, or at half the diflance that they arc in the heel 
part. This pattern being ufed in the fame manner as before 
deferibed, the punching machine pierces the foie with holes, 
exadlly correfponding to it ; which holes are Ailed with 
tacking nails in a feparate machine, fomething Amilar to the 
nailing machine before deferibed. But as the nails arc 
longer, it would be too laborious to cut them bv the fame 
motion; the nails are, therefore, cut by a macaine made 
on purpofe, and applied to the leather by 
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The natUng Machine for lont NaUs — ^This is made cxa6Uy 
the fame as tne punching machine before deferibed, but with 
additional apparatus to fupply the nails, and put them into 
the holes. Thus it has a vertical column, with a table and two 
projedting arms to fupport the perpendicular Aider, which is 
caufed to defeend when the foot is applied upon the treadle, 
and to rc-afeend by the a^ion of the counter-weight. The 
piercer the lower end is not Aiarp-pointed, not being in- 
tended to penetrate the leather, but only to force the nails 
into the holes previoufly pierced by the preceding opera- 
tion. The additional parts are as follow : a circular plate, 
or wheel of brafs, about nine inches diameter, and of a 
thicknefs nearly equal to the length of the nails ; it is per- 
forated with a great number of holes, to contain the lame 
number of nails ; the holes being made round its circum- 
ference, as clofe together as convenient, and arranged in 
four circles, one within the other. The interior fpace 
within the circler is formed with fix arms, like a wheel ; and 
in the centre is a hole, which Ata loofely upon an upright 
centre pin, (landing in the centre of a fmall circular table, 
which is fixed Tideways to the upper of the two arms, which, 
as beft)re mentioned, proje^l from the vertical column of 
the machine, and fuftain the upper end of the perpendicular 
Aider. Upon this circular table the wheel is fupported in 
a horizontal poAtion, at the height of i8 or 20 inches 
above the table on which the leather is placed, and with 
liberty to turn upon its centre pin. The wheel is Ailed 
with nails when it is ufed, one being put into every hole 
of its circumference, with the points downwards ; and the 
holes are fufficiently large to let the nails drop through the 
wheel, except when their jpoints reft upon the circular table 
which fupports the wheel. At one part of the circum- 
ference of this table an opening is cut through it, and a 
fmall tube defeends from it, to condu6l a naif down to the 
point of the piercer. The motion of the wheel upon its 
centre brings the nails fucceAively over the opening or mouth 
of the tube ; and therefore eacn nail, in its turn, drops by 
its weight through the hole in the wheel into the tube, 
which 18 made fo fmall, that the nail mu ft defeend with its 
point downwards, and fall into a fmall cell, fo Atuaied that 
the nail will ftand exactly beneath the point of the piercer, 
when the fame is at its higheft poAtion. But when the 
piercer is depreffed by the adion of the treadle, its point 
will ad upon the head of the nail, and force it down 
through the cell into the leather placed upon the table of 
the machine ; the hole in the leather having been previouAy 
pierced by the punching machine. The cell which receives 
the nail is very ingeniouAy contrived to hold it in a per- 
pendicular diredion, beneath the end of the piercer. It is 
fituated immediately above the leather, and is conical within, 
fo that the nail drops down into it until it becomes Axed 
Taft ; but when the nail is to be forced down by the piercer, 
the cell opens in two halves, being formed by notches in 
two pieces of fteel, which are only held together by being 
ferewed together at one end, and are made fo thin as to 
fpring together, and form a cell for the reception of the nail, 
although they will readily feparate when the piercer forces 
down the nail. It is during the afeent of the piercer that 
another nail is dropped down from the wheel through the 
tube, and received into the ceU, whilft its two halves are 
ttill kept open by the piercer ; or rather as the piercer at 
this moment occupies the interior of the cell, the nail is re- 
ceived in the fpace, or open join^ at which the two halves of 
the cell feparate, fo that tlie nail lies clofe by the Ade of the 
piercer. But when the piercer his rifen up completely out 
of the ceU, its two halves fpring together, and the joint in 
yvkich the nail is placed b«ng formed with faces inclining 
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inwards, they throw the nail into the cell itfelf, in which it 
drops down till it (licks faft ; becaufe, as befi;**e ftated, the 
cell is fmaller at the bottom ; and in this Atuatio:. the nail 
is certain to be held perpendicular, with its head under the 
point of the piercer. 

To turn the wheel round, fo as to fupply a freAi nail 
every time that one has been put into the leather, the edge 
of the wheel is cut into ferrated or Aoping teeth ; the num- 
ber of teeth being equal to the number of holes made in each 
of the four circles to contain the nails. A fmall detent 
or click takes into thefe teeth by a hook, fo that it will 
tuirn the wheel when moved in one dire6lion, bnit Aide over 
the teeth when moved in the other diredion. The click is 
jointed to a Aiort lever, Axed upon the upper end of an up- 
right axis, which pail'es down through the two projeding 
arms of the main column, fo as to be very near the per- 
endicular Aider ; and a (hort lever, Axed to this axis, bears, 
y the adion of a fpring, againft a wedge Axed to the Aider. 
The adion of this mechanilm is to turn the wheel round one 
tooth at a time : thus, when the Aider defeends, its wedge 
forces the end of the Aiort lever farther away from it ; this 
movement is communicated by the upright axis and upper 
lever to the click, which Aides over the Aoping Ades of the 
teeth of the wheel ; but on the re-afeent of the Aider, the 
wedge allows the lever and click to return by the adion of 
a fpring, and the hook of the click, having caught a tooth 
of the wheel, will turn the wheel round the fpace of one 
tooth. In this manner, at tytry defeent of the Aider the 
click engages a frefti tooth of the wheel; and at every 
afeent, the wheel is turned round upon its centre pin ; the 
weight of the wheel, refting upon the Aat circular table, 
being fuAicient to retain it as it is placed. 

The nailing machine ads with the fame rapidity as the 
other machines, to put a nail into every one of the holes 
previouAy made 5 and for this purpofe the leather is kept 
upon the fame pattern by which tnofe holes were pierced, 
not only for the purpofe of placing the leather fo that the 
nails (hall be inferted into thofe holes, but that the thicknefs 
of the pattern may allow the nails to penetrate and projed 
through the leather on the under Ade. When the nails are 
all put in, they are beat down with a hammer, to drive all 
the heads to a level with the furface. The leather is then 
feparated from the pattern, and put into a frame called 

The welting Stand , — This machine is a fmall fquare table 
of call-iron, Axed on the top of a pedeftal, in which it it 
capable of turning round, for the convenience of the work- 
man, and to enable him to work at the different Ades, as he 
remains feated before the table. An iron frame is con- 
neded with the table by hinges at one Ade, fo that it can 
be lifted up or turned down, to lie Aat upon the furface of 
the table ; and in this fituation it can be faftened down by 
means of a Ample clamp. This frame is intended to hold 
faft the leather which is placed beneath the frame : the in- 
terior opening of the iron frame is nearly erf the fame Aze and 
(hape as the iole of the Aioe. The foie is placed Aat upon 
the table, in the proper poAtion, which is determined by 
two gauge pins Axed into the table, and entering the holes 
made in the foie ; then the iron frame being turned down 
upon the leather, will inclofc the foie as it were with an iron 
hoop, or raifed border, all round the edge ; and tho frame 
being clamped faft down, the foie is cooAned, as if lying 
in the bottom of a cell of iron, of the fame Agure as itfelf 
and with the nail points proje^ling upwards from the foie. 
In this frame the welt is applied, by laying the drip of leather 
upon the edge of the foie in contad with the infide of the 
iron frame, and bending it to follow the curves of the out- 
line of the foie. As frft as any part of the length of the 
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ftrip is fettled to its pofition, it is attached to the foie by 
linking it down with a mallet upon the points of the nails. 
The thin or feathered ed^e of the Itrip of leather is put in- 
fide, fo that the edge of the foie, for about the breadth of 
half an inch, is of a double thicknefs ; but within tliis, the 
extra thicknefs diminiflies away to nothing, leaving only the 
thicknefs of the foie. The ends of the ftrip of leather 
which compofe the welt, where they join and complete the 
circuit of the foie, are cut floping, fo as to lap over each 
other, and make a joint, without any incrcafe of thicknefs, 
or apparent divifion. When the foie is taken out of this 
frame, the welt and foie are beat well down together, to 
make a good joint; it is then carried to the cutting prefs, 
in which the edge or outline of the foie and welt are cut 
fmooth, and to the fame fize ; becaufc, as the frame of the 
welting machine mud be rather lefs than the folc, in order 
that the frame may bear upon tlie edges of the foie all 
round, and thus hold it fad, the welt, which is moulded or 
bent round within the frame, will be a fmall quantity lefs 
all round than the foie. To guide the knife in cutting 
round the ed^ of the foie, it is confined between two iron 
patterns, which are made exactly to the fize to which the 
edge is to be pared. They are attached to the foie by two 
gauge pins, fixed into one of the plates, and pacing through 
the holes in the foie, proje 6 l far enough on the oppofitc 
fide for the other plate to be fadened on, in its retjuired 
pofition, by two holes which receive the ends of the pins. 

The cutting-prefs very much refembles a common lathe: a 
horizontal fpindle is fupported in a frame, confiding of two 
iiandards, ere^ed from a horizontal plate, to fuiiain the 
fpindle, which paffes through a collar m one of thefe dand- 
ards, and projefts fome inches beyond it, having at the 
extremity a piece of wood flat on the fbrface, and of the 
fame (hape as the foie. Againd this flat furface the two 
iron plates, with the foie between, are placed, and they are 
forcibly pred'ed together by the adlion of a ferew, fitted 
into a third iron dandard, ereded from the fame horizontal 
plate, and preffing by means of a lever upon the iron 
plates exadlly oppofite the end of the fpindle. This pref- 
lure caufes the fpindle to retreat a fmall quantity in the 
diredtion of its length, and then a flat circular plate, fixed 
upon the fpindle, (in the fame fituation as the pulley of a 
common lathe,) is made to prefs againd a fimilar fiat plate, 
which is fadened to the frame, and therefore cannot turn 
round. By the fridlion b^'^ween thefe two furfaces, the 
fpindle becomes immoveable, and the prefs holds the foie 
firm, whild the workman, who is feated before the machine, 
cuts all round the edge with a drawing-knife, which is 
made {harp in the middle, and is worked with both hands 
by having a handle at each end. When he has with this 
♦ool pared down that part of the edge which is upper- 
mod, he releafes the ferew of the prefs, and a fprine then 
caufes the fpindle to advance fo far as to relieve the flat 
circular plate, which is fixed upon the fpindle, from its 
contact with the fixed plate. This leaves the fpindle at 
liberty to be turned round, and the foie turns with it, fo as 
to bring up a new part of the edge of the leather to a 
convenient fituation to be pared or cut ; and the ferew is 
then turned to faden the fpindle as before deferibed, and 
at the fame time to prefs the foie between the two patterns. 

When the edge of the foie is thus cut, it is carried to a 
grinddone, and ground fmooth : the done is tui;ned with a 
quick motion, by means of a band and large wheel ; the lea- 
ther is afterwards poliihed by applying it to the edge of a 
wooden wheel, on which a little bees-wax is fpread. 

Ap^caiton of the long ATj/Zr.-^The foie, thus re-inforced 
by the welt, is returned to the punching machine, and be* 


I. I . 459 

ing attached to another pattern, a range of holes is pierced all 
round theouter edge, through both, jud within the former row 
of tacking nails ; after which, by the nailing machine, thefe 
holes are filled with nails which projedt through the upper 
fide of the welt, being longer than any of the former, and 
being alfo intended to penetrate through the upper-leather 
and inner foies, and thus faden the {hoc together, in thiy 
date the foie is ready to be put to the upper-lealhers. 

The upper Acaihers are prepared for applying to the folc, 
in the lame manner as the ordinary (hoc, viz., by fcwing 
the vamp, or piece which coverj; the upper part of the foot^ 
to the two quarters which go round the heel, and alfo 
fewing thefe two quarters together behind the heel. The 
workmen do not hold the work upon their knees to few it, 
but four men work at a Iquarc table, the corners of which 
are cut off, and a fmall piece of wood projects from each 
angle: the two pieces of leather which arc to be fewed 
together arc laid upon t)nc of tliefe pieces of wood in tht 
proper pofition to be fewed, and arc held fad by an endlcd 
ilrap, which is laid over them, and the workman binds it 
fad down, by pulling his foot in the drap, like a ftirrup. 
This method of lowing, which is far fuperi(»r to the common 
mode, might, from its fimplicity, be ufed by all Qioe-makers, 
and would render their bufinefs lefs unliealthy ; whereas at 
prefent they arc fnbjcdl to many difeafes from fitting in 
the awkward and unnatural pofiure which is ncccliary to 
reach their work, when they hold it upon their knees. 

Operation of clnfing or riveiting the Shoe together , — The* 
upper-leathers are put upon a lad, and held tight there- 
upon whild the folc 18 applied. This is done in 

Ihe Clamping Machine , — It is a fmall oval table, fup- 
ported on a column, but capable of turning round upon 
the column, to enable the workman to work at any fide. 
In the centre of the table a l«d is fixed, with the foie up- 
wards; it 18 fupported at a height of about fix inches from 
the tabic. The lole is made of cad-iron, in a fohd piece, 
with the Hem or part by which the lad is fupported ; but 
the under part, upon which the upper-leatliers arc to be 
moulded, is made of wood,* for the convenience of altering 
the figure when neccliary. The lad is fixed upon the table 
by means of two dcady pins ; and a drong pin, which pro- 
je(^s from the lower part of the lad, and palics through 
the table, is bound fail by a wedge, which confines the lad 
firmly upon the table, in the fame manner as if it was made 
in a piece therewith. The table has a number of pieces of 
brafs attached to it by hinges, and arranged all round the 
lad in fuch a manner, that they can be turned up againd 
the lower part of the lall, and then form clamps, which are 
exaAly adapted to the figure of the lower part of the lad, 
and will therefore clamp or bind the leather firm upon the 
lad at the toe, heel, and every part thereof, except at the 
flat part of the foie. The brafs clamps are of fuch dimen- 
fions, that they will touch each other when turned up, and 
thus form a complete cell or box, in which the lower part 
of the lad will be contained, and the leatlicr confined upon it ; 
but the cell being made in feveral pieces, or clamps, they 
can be removed one by one, as found necellary. The 
clamps are forced up to their fituation by means of an in- 
dependent ferew for each, which is tapped in an oblic^ue 
direction through the edge of the table, and the point 
forces up the end of a fmall rod, which is jointed to the 
clamp near the part where it ads upon the leather ; by this 
means the force of the ferew ads to turn the clamp up 
upon its hinge, and at the fame time prefs it againlt the 
leather. When the preffure is relcafed by diiplacing the 
end of the fmall rod from the point of the ferew, the clamp 
will be fuffered to fall back upon tlie table ; and this being 
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*5oiie to all the clamps, the lafl (lands infulated in the 
middle of the t^ble, from which it can be detached by- 
withdrawing the wedge which confines it. The inner foie of 
the (hoe is firft put upon the foie of the lail, being (lightly 
faftened thereto by two fliort pins, one of which is driven 
through the gauge hole in the toe of the foie, and enters 
a hole madt' in the laft ; and the other pin is fixed in 
the heel part of tlie laft, and enters the hole in the foie. 
The upper-leathers arc now put upon the laft in the tru« 
pofition. In this ftate, the laft is taken to the clamping 
machine, and faftened into its place in the centre of the 
table ; the clamps are then turned up, one by one, be- 
ginning at the heel, and the upper-leathers being pulled up 
all round by a pair of pincers, fo as to make them fit tight 
upon the laft, the clamps are ferewed tight. In this ftate, 
the upper-leathers are made to take the form of the laft, 
being firmly attached thereto, except at the foie part : at 
this part the leather Hands up all round about three, 
quarters of an inch, which quantity is turned down flat 
upon the edge of the inner lolc (previoufly faftened upon 
the foie of the laft), and a fmall quantity of palle is put in 
to make it flick fall ; four or five notches are cut out in the 
leather at the toe and at the heel, to make the part which 
is turned down lie flat upon the foie, without folds or 
overlapping, and then, to make a clofe conta6l, the leather 
is beaten down. Parings of leather are likewife palled, and 
(luck flat upon the inner foie for levelling, to make up the 
foie to the lame thicknefs in the centre as it acquires to- 
wards the edges all round by the turning-in of the upper- 
leathers. In this Hate, the nail which faftened the inner 
foie to the lall is withdrawn, being now unneceffary, and 
the real foie is applied, an iron frame, or faddlc, being 
employed to determine its proper pofition upon the laft. 
This frame is made of thin iron, and its figure within is 
(imilar, and of the fame fize as the row of nails which pro- 
jed tlirough the foie, and by which the foie is to be nvetted 
into its place : it is made in two halves, which are united by 
U joint or liinge at the heel part ; and at the toe part arc 
two holes, through which a pin can be put to hold the 
frame together. This pin, as well as the joint pin of the 
hinge at the heel, projeds downwards fufnciently to enter 
into a hole made in each of the two clamps at the toe and 
heel, in fuch a pofition as to guide the frame, fo that it will 
apply the foie cxadly in the proper pofition. 

The folc, when prepared as before deferibed, by inferting 
all the long nails in the holes, fo tliat their points projed 
through the leather, is put into an iron box or mould, and 
a plate being laid upon it, is put into the fly-prefs, and 
by a Tingle mow the fble is rendered concave withinfide, fo 
as to adapt itfelf to the laft. When it is taken out of the 
mould, the iron frame before-inentioned is put together 
round the row of nails, the fize of the inlide of the frame 
being made exadly of the proper fize to receive the projediiig 
points of the nails, and retain them perpendicular to the 
leather, and prevent them from fpreading out. The foie 
is then applied in its place by the two guide pins of the 
frame, and by linking upon the heads of the nails, their 
points penetrate through the turning-in of the upper- 
leather, and alfo through the inner foie. When they are 
well entered the iron frame is taken awav, by withdrawing 
its pins, and opening its two halves on their joint, and the 
nails are driven down into their places. This caufes them 
to projed through the inner foie into the (hoe, and the 
points meeting the iron laft are turned back, and thus 
clenched into their places. To render this more certain, 
the foie of the laft is made with a (light groove all round, 
where the points of the nails will fall| and the groofc 
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being of a femicircular figure, the points arc more readily 
turned thereby, and are all turned the fame way, fo that 
they w'ill not interfere. 

The (hoe is now' put ^together, and the clamps being re- 
lieved and turned down, the (hoe is taken off the laft ; for 
which purpofe the heel of the laft is made in a feparate 
piece, and jointed to the other by inclined fittings, and 
with a tongue or rebate, fo that it can be held fall in its 
place by a fingle hook or fpring catch ; but this being re- 
lieved, the (hoe draws off the laft with the greateft cafe, 
the heel part remaining within the (hoe, and is taken out 
afterwards. The (hoe is now carried to the rmUtng Iqflt 
where it is put upon a laft exaAly fimilar to that of the 
clamping machine, but faftened down upon a bench, and the 
folc is fmooth without the groove, which caufed the points 
of the nails to turn up. Upon this laft the nails are beaten 
down, to rivet all fall, and make the foie fmooth withinfide : 
the heel is then put on by laying it in its place, and driving 
down the long nails which have been put through it by 
the nailing machine, in the fame manner as for the (ole. 

The foie of the (hoe is now rafped with a coarfe file, to level 
all the nail-heads, and render the leather fmooth ; the (hoes 
are then carried to the grindllone, by which they are polifhedf 
and finiflicd up in every part, the foies blacked, and polifhed 
by the wheel with a compofition of bees-wax and ivory 
black, which renders them glofly : the upper-leathers are 
then brufhed by a circular brufh, which is turned by the 
lathe, and the (hoes arc rendered fit for fale, except thofe 
which require binding and lining, with a lining of thin 
leather, in which cafe they are finimed in the lame manner as 
common (hoes. 

Nail Machine , — This is equally deferving of notice with 
any other part of this ingenious manufailory. In our 
article Nail we have deferibed fome nail machines ; but 
we confider this as a much better machine for cutting 
brads or nails without heads. The nails arc cut from (heet- 
iron, the plates being firft reduced into (lips, of a breadth 
equal to the length of the intended nails, by a large pair of 
(hears, afting in the fame manner as thofe deferibed in the 
article Canteen, but are conllru^led in a luperior manner, 
by employing catt-iron for the framing and for the lever. 
The iron plate is prefented to the machine by one man, 
whilft another works the handle, and at a fingle ftroke 
cuts off the defired (trip of iron : the (heet of iron is cut fo 
that the direction of the grain, or fibrous texture which 
the iron acquires by roiling, will be acrofs the length of 
the drip. From this it follows, that when the nails are 
formed by cutting off narrow pieces from the end of the 
drip, the grain of the iron will be the lengthwile of the 
nail. 

cutting 9f is readily performed by the machine, 

which is turned by the foot of the workman, whilft he 
fupplies the iron by his hands. The motion of the treadle 
turns a crank and heavy fly-wheel, fimilar to the wheel of a 
lathe : from the fame crank a rod proceeds to the longer end 
of a (lout lever, the axis of which is fupported on pivots in 
the upper part of the frame, fo as to be above the wheel 
and crank. At a fmall dillancc from the centre of the 
lever, and at the oppoiite fide of the axis to the long lever, 
a fteel cutter is fixed, which a^ls againit a fixed cutter fup- 
ported by the frame ; the fixed cutter has an edge on the 
upper fide, and the moving cutter, which is fixed to the 
lever, is made (harp on the lower fide. Tlie revolution of 
the wheel and crank caufes the lever to rife and fall, and 
the edges of the two cutters in this motion pafs as clofe 
together as poifible, without touching. At the moft elevated 
pofition of the moving cuttcri its edge rifes above the edge 
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of the fixed cutter fo far, that the thicknefs of the ftrip of 
plate can be admitted between them ; the end of tlie firip is 
puflied back, fo that a fmall portion of the end of it over- 
hangs the edge of the fixed cutter ; therefore the edge of 
the fixed cutter, when it defeends, meets this overhanging 
piece, and prefling it down upon the edge of the fixed cutter, 
cuts it off, and the piece fo feparated forms a nail. When 
the moving cutter re-afeends, the iron is pufhed forwards 
again to overhang the fixed cutter, and another nail is thus 
cut off. The nail‘d are narrow at one end to form the 
point, but at the other end are about as broad as the thick- 
nefs of the plate, fo as to be of a fquare figure ; but at the 
point they are, in one direftion, as broad as at the head ; this 
is the direction of the thicknefs of the plate, fo that in 
reality the nail is the figure of a fmall wedge inilead of a 
pyramid, tlie point being in fadt a (harp edge. To cffc(ft 
this, the cut which the machine makes acrofs the end of 
the llrip of iron is not perpendicular to the length of the 
lirip, but rather inclined thereto ; and at every fucceflivc 
nail uhicli is cut, the inclination of the cut is reverfed, ft> 
that the head of one nail is cut from the fame fide as the 
point of the next, and fo on alternately of the whole 
lengtii of the flip of iron. The thicknel's of the nail is 
regulated by the quantity which tlie end of the flip is al- 
lowed to projedl over the edge of the fixed cutter, and the 
angle of inclination by two fh^ps, againfl which the edge 
of the flip is always brought to bear, when the workman 
places it ready for the cut. To flop the end of the iron, a 
part projedls from the lever beneath the edge of the mov- 
ing cutter, and is curved to the arc of a circle deferibed 
from the axis : this flop is as far removed behind the edge 
of the cutter as the thicknefs of the nail intended to be 
cut off by the defeent of the moving cutter. In working 
the machine, the workman keeps the w'heel conftantly re- 
volving by the motion of the treadle ; and holding the flip 
with its edge in contaft with the two flops, fo as to give 
it the proper inclination, he pufhes it forwards, with a gra- 
dual prefl'ure, again fl the moving cutter : then the inflant 
the cutter is fufficicntly railed to admit the flip, it will ad- 
vance forwards, until the end of the flip touches the flop 
which is beneath the cutter : on the defeent of the cutter, 
the nail is cut off, and the workman immediately turns the 
flip with the other fide upwards, which has the effeefl of 
reverfing the inclination of the cut ; and pufhing it for- 
wardvS amuher nail is cut as the former, and thus the ope- 
ration continues with the utmoft rapidity. 

There are feveral fuits of machines in this manufactory, 
fo that a great number of fhocs are proceeding at the fame 
time through the different ttages of their fabrication ; and 
the rapidity of the execution is fiich, that a given number 
of workmen will liere make a far greater number of flioes 
than by the common method, and they are more durable, 
particularly for the flrong (hoes which are delirable for 
(bldiers. Several of the machines were conflruCted by 
Mr. Maudflay, with his ufual accuracy of execution. 

Shoe-makers* This is a fimple contrivance, to 

enable thofe artifans to perform their work in a Handing 
pofture ; by which means they will avoid the difeafes inci- 
dent to thofe who follow fedentary employments. 

In the common method of working, the fhoe-maker is 
obliged to fit and floop in the mott awkward pofture ima- 
ginable, fometimes in order to hold the (hoe and laft between 
his flomach and his thigh, whilfl he fews the foie to the 
upper leather ; at other times he muft hold the lait between 
his knees ; and to few the leathers together whilil he holds 
them upon his knees, he muff lean very much forwards. 

In all thefe operations he fits as it were doubled up, fo as to 
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inapede the aClion of his lungs^ and ultimately produce many 
difeafes. The machine is a kind of vice, to hold the flioc 
in any pofition whilfl it is fewed. 

The Society of Arts have (hewn a laudable defire to re- 
commend thefe machines to the trade ; and to induce their 
general adoption, they have given icveral rewards to thofe 
who have produced m.'xchincs. The firtt of thefe was Mr. 
Holden, then Mr. Parker, and next Mr. Slafs, whofe ma- 
chine, being more improved than the preceding, demands 
fome dcfcriptioii. A fmall bench, or table, is firmly fup- 
ported on four legs, at about four feet from the ground ; a 
cireulp eufliion affixed upon the bench, having a hollow 
or balon in the centre of it, with a hole from the bottom 
of the hollow, quite through the cufhion, and alfo through 
the centre of the bench. This hole rect ives a ftrap, which 
is doubled, and the two ends fewed together. The lafl is 
put into the double of the flrap, ami it is drawn down by a 
treadle, fo as to hold the lafl firmly in the hollovtr of the 
cufhion, which is flufl'ed foft withiufide ; and as the hole 
through the cnfliion is too Imall for the flioe to pafs down, 
the lafl can be fet in any dirediion which is mofl convenient 
for the fewing ; but by relieving the treadle, it can be re- 
moved in an inflant, tm-jicd round, and fixed again to few 
another part. A feat can be applied in front of the ma- 
chine, for the workman to reft himfelf occafionally : this 
feat is fupporled by only two legs, and a piece of wood, 
which prqjcdls horizontally from beneath the feat, and 
enters into a niortife, made in a part of the frame. Upoa 
this the workman fits aflride, as if upon a laddie ; and as 
his work is held before him at a proper height, he fits in aa 
upright poflurc, which is not attended with the fame pre. 
judicial effeds as ftooping to work upon the knee. The 
machine is provided with a fmall tray,- or box, behind the 
cufhion, to contain all the fmall articles which the work 
requires ; alio a drawer beneath it for tools, &c. ; a whet- 
Jtone fixed up at a convenient height ; and an anvil, which 
fits into the hollow of the cufhion, fo as lo lie firmly, to 
hammer the leather upon inftead ot.a lapftone. 

Shoe-makers are to make their flioes of fufficient leather, 
or forfeit 3.r. 4^/. (i Jac. I. c. 22.) and journeymen (hoe- 
makers embezzling leather (hall make fatisfadion for damage, 
or be ordered by jullices to be whipped, &c. Perfons 
buying or receiving fuch leather, are to make reafonablc 
rccompence, to be levied by diflrefs, &c. and fearch is lo be 
made after the fame : alfo leaving their work undertaken^ 
or negleding it, to be fent to the houfe of ctjrrcdion for a 
month. 9 Geo. 1 . cap. 27. 13 Geo. II. c. 8. See 
LliATUKR. 

Siioi:, in the Manege. A borfe-fhoc is a piece of flat 
iron, with two branches or wings, which being commonly 
forged ac cording to the form of the hoof for which it is 
defigned, is made round at the toe, and open at the heel. 

A fhoe for all feet, is one that is cut at the toe into two 
equal parts, w'hich is Joined by a ri vetted nail, upon which 
they arc moveable in fiich a manner, that the fhoe is enlarged 
or contracted lefs or more at pleafurc, in order to make it 
fit all forts and fizes of feet 

To fhoe ahorfe after the form of a lunette, apatin, &c. 
fee L.UNETTE, Patin, & c . See alfo Shoeing of Morfesy 
&c. 

Bcrenger obferves, that the ancients did not fhoe their 
horfes, that is to fay, they did not nail upon their hoofs 
any pieces of iron, or of other metal, in the form of the 
modern horfe-fhoes ; but when they intended to defend 
them from any thing that might annoy them in travelling, 
they fattened upon their feet, by means of ftraps and liga- 
tures, a fort of fandal, ftocking, or what we call boots. 
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Thefc were made of fcdges twitted together like a mat, 
or elfe of leather, and were fometimes ftrcngthened with 
plates of iron, and adorned by the rich and ottcntatious 
with filver and gold, as in the inftanccs of Nero and 
Poppaca. 

It docs not apoear in what era, or in what country, the 
modern art of moeing took its rife. The earlicft proof 
which the above mentioned writer has met with is the (h(^ 
faid to have belonged to the horfe of Childeric, who lived in 
the year 481, and is preferved in Montfaucon's Antiquities 
of France. It perfe&ly refcmbles the ttioe now in ufe. 
Berenger’s Horfemanfhip, vol. i. p. 2^4. 

Shoes oJ the Horfe and other jinimalsf the crooked pieces 
of iron attached to the hoof of the horfe or other beafts, 
by means of nails. There are various forms and (hapes of 
(hoes in common ufe, and others which arc adapted and ac- 
commodated to the particular purpofea and circumttances 
of the hoofs. Different forts ot animals, likewife, require 
different forms in their (hoes. In fpeaking of the fhoe 
which is concave on its Io>iuer furfacct it has been remarked 
by foroe, tljat there are certain proportions to be obferved 
in its different parts. Its breadth (hould be confiderably 
lefs than the breadth of the common (hoe ; it is totally un*- 
neceffary to cover any part of the foie, efpecially when care 
is taken to preferve its natural hardnefs. The breadth of 
the (hoe at the heels (hould be onc-half of its breadth at 
the toe. Its thicknefs (hould decreafe gradually from the 
toe, fo as to be reduced one-half at the extremity of the 
heels. As to the dittribution of the ftamp-holes, every 
perfon acquainted with the fubjeft knows, that in (hoes for 
the fore-feet, they (hould be at the toe and quarters, be- 
caufe the wall, or cruft, of the fore-feet is ftronger at the 
tuc than at the heeh. The reverfe of this is to be obferved 
in the hind (hoes, becaufe the heels and quarters of the hind- 
feet are commonly ftronger than the toe. It is impoffible 
to lay down any general rule for difpofing of thefe holes in 
bad feet ; it muft be the bufincfs of the farrier to diftnbutc 
them in fuch a manner, as to be able to fix the nails in thofe 
parts of the cruft where the horn is found and firm. Far- 
riers generally multiply thefe (lamp-holes too much, which 
brings the nails too clofe together, occafiens the horn to 
break in fplinters, and at length deftroys the cruft. 

The following number is recommended for good feet ; 
viz. for race-horfes fix, that is three on each fide; for 
faddlc-horfcs feven, four on the outfidc and three within, 
the quarter on this fide being weaker than on the other ; the 
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fame number for coach-horfes of the middling fize; for 
large coach-horfes four on each fide ; and for cart-horfes, five 
on the out and four on the infide. It is alfo of principal 
importance to determine the weight of the Jhoe^ for it is mat- 
ter of aftoni(hment, to fee fomc horfes yvith (hoes weighing 
each five pounds, making together a burden of twenty 
pounds of iron attached to their four feet. It is obvious 
to common fenfe, that fuch an additional weight, fixed to 
the extremity of the leg, muft be produflive of ftime incon- 
venience or other ; and, in faft, the mufcles are thereby 
compelled to greater exertion ; the ligaments are (Iretchea, 
and the articulations continually fatigued : and, befides all 
lhe(e evil confequences, the (hoe by its weight forces out 
the nails, and (o entirely fpoils the texture of the wall or 
cruft, that it becomes often extremely difficult to fix the 
flioe to the hoof. Why then, it is alked, do not prac- 
titioners of the prefent day, who are daily witnefles of thefe 
fafts, and indeed are the principal authors of them, apply 
themfelves to the correAion of their own errors? The 
anfwcr, it is feared, is obvious ; becaufc he who»* is upedu- 
r:ated and deftitute of found principles in his art, cannot 
turn to real profit the experience he has acquired, nor 
abandon the path of prejudice and cuftom, in which he has 
fo long journied, but fatisfies himfelf with continuing to imi- 
tate and repeat whatever he has-feen done by others. 

The weights which are propofed, for ,(hoc8 of different 
kinds, arc nearly as follow ; 

lb. oc. 

For the ftrongeft fort of cart-horfes - - l it 

For the fmaller horfes of this kind - - - 112 

For the larged coach-horfes - - - - 112 

For the fmaller ditto . . • - jl,. p,. i 4 

For faddle-horfes of any height - - i 2 to i o 

For race-horfes * 04 to 5 

And by reducing the fuperfluous breadths of thefe (hoes, 
their thicknefs may, it is fuppofed, be increafed without 
making any addition to their weight. See Shoeing. 

Shoes of Cattle^ the fmall plates of iron that arc fattened 
upon the feet of oxen, or other cattle employed in field or 
road labour. Shoes of this fort confift, according to fome, 
of a flat piece of iron, with five or fix ftamp-holes on the 
outward edge, to receive the nails : at the toe is a projec- 
tion of feme inches which paffing in the cleft of the foot, 
is bent over the hoof fe as to keep the (hoe in its proper 
place. This prqjeftion is not, however, employed in the 
general praftice of making thefe (hoes, nor can it in com- 
mon be of any utility. See Shoeing of Oxen, 




SILK, Sericum, a very foft, fine, bright, delicate 
thread ; the work of an infc£t, called bomhyx^ or the filk* 
worm. 

The ancients were but little acquainted with the ufe and 
manufafturc of filk j they took it for the work of a fort of 
fpider, or beetle, who fpun it out of its entrails, and wound 
it with its feet about the little branches of trees. This in- 
feft they called fer^ from Seres^ a people in Scythia, whom 


we now call the Chincfe, who, as they thvouglit, bred it ; 
whence the filk itfelf they called fertcum. But this fer of 
theirs has very little affinity with our filk-worm, bombyx : 
the former living five years ; but the latter dying annually, 
enveloped in a ycllowifli bag or ball, which, wound out 
into little threads, makes what we call filk. 

It was in the ille of Cos that the art of manufafluring it 
was firft invented ; and Pamphila, daughter of Platis, is 
honoured ag the intcntrciii. The difeovery was not long 
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unknow'n to the* Romans., Silk was brought them from 
8crica, where the worm was a native. But fo far were 
they from profiting by the difeovery, that they could not 
be induced to believe fo line a thread fhould be the work of 
a worm ; and thereupon formed a thoufand chimerical con- 
jedhires of their own. 

Silk wa« a very fcarcc ccnnmodity among them for many 
ages: it was even fold weight for weight willi gold; info- 
mueh that Vopifeus tells ns, the emperor Aurelian, who 
died A.D. 275, refufed the ernprcis, his wife, a fuit of 
filk, which fhe lolicited of him with much carncftncls, 
merely on account ol its dcarnefs. 

Others, however, with greater probability, affert that it 
was known at Rome fo early as the reign of Tiberius, about 
A.l). I 7. 

Galen, who lived about the year of our I^ord 173, fpeaks 
of the rarity (d filk, being no where but at R()me, and only 
among the rich. 

Ueliogabalus, the emperor, who died A.D. 220, is faid 
by fome to be tlie tirfl perfon who wore a holofericum, i. r. 
a garment of all filk. 

J he Greeks of Alexander the Great’s army are fnid to 
have been the fird who brought wrought filk from IVilia 
into Greece, about 323 years before Clirdl ; but the maiiK- 
failure of it was confined to Berytus and Tyre, in Phamicia, 
whence it was difperfed over the Weft. 

At length, two monks, coming from the Indies to Con- 
flantinoplc, in 555* '*nder the encouragement of tlic em- 
peror Juftinian, brouglit with them great quantities of filk- 
worms, wuth inllruiStions for the hatching of their eggs, 
rearing and feeding the w'orms, and drawing out the filk, 
and fpinning and working it. Upon tins, mamifadurcs 
were let up at Athens, Thebes, and Corinth. The Ve- 
nrtiaiiR, foon after this time, commencing a commerce wdth 
the Greek empire, fupplied all the weftern parts of Europe 
with (ilks for many centuries; though fundry kinds of mo- 
dern filk nianufadlurcs w'cre unknown in tln^fc times, fuch 
as damafl^s, velvets, fattins, See. 

About the year 1130, Roger II. king of Sicily, efta- 
blifhed a filk manufadlory at Palermo, and anotlier in Cala- 
bria ; managed by workmen, who w'cre a part of the plunder 
brought from Athens, Corinth, &c. of which that prince 
made a conqueft in his expedition to the Holy Land. By 
degrees, Me/.eray adds, the reft of Italy and Spain learned, 
from the Sicilians and Calabrians, the management of the 
filk-worms, and the working of filk ; and at length the 
French got it by right of neighbourhood, a little before the 
reign of Trancis I., and began to imitate them. Thnamis, 
indeed, in contradidion to moft other writers, makes tins 
inanufadurc of iilk to be inirodiiced into Sicily two hundred 
years later, by Robert the Wife, king of Sicily, and count 
of Provence. 

It appears by 33 Hen. VI. cap. 5, that there was a com- 
any of filk-womcii in England lo early as the year 1455 ; 
lit thefe were probably employed in needle- works of filk 
and thread: and we find that various forts of fmall haber- 
dafhery of filk were manufadured here in 1482 ; but Italy 
fupplied England, and all other parts, with the broad manu- 
fadure, till the year 1489. In Spain, indeed, the culture 
ae.d manufadure of filk feem to have been introduced in an 
early period by the Moors, particularly in Murcia, Cor- 
dova, and Granada. The filk manufadures of this laft 
town were very flourifhing, when it w'as taken by Ferdi- 
nand, &c. at the clofe of the fifteenth century. 

In 1521, the French, being fupplied with wtirkmen from 
Milan, commenced a filk manufadure; but it was long 
after tliia time before they could obtain raw lilk from the 
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worms ; and even in the year 1547, filk was fcarce and dear 
in France ; and Henry II. is faid to have been the firft who 
wore a pair of filk knit ftockings ; though the firft inven- 
tion originally came from Spain, whence fuk ftockings were 
brought over to Henry VIII. and Edward VI. After the 
civil wars in France, the plantations of mulberry-trees were 
greatly encouraged by Henry IV. and his fucccflbrs ; and 
the produce of filk is at this day very confiderable. 

The great advantage which the new manufadure afforded, 
made our king James I. very earneft for its being introduced 
into Englana : accordingly it was recommended feveral 
times from the throne, and in the moft earneft terms, parti- 
cularly in the year 1 608, to plant mulberry-trees, &c. for 
the propagation of filk-worms ; but unhappily without ef- 
fed ; though from the various experiments we meet with in 
the Philofophical Tranfadions, and other places, it appears 
that the filk-worm thrives and works as Wll, in all refpeds, 
in England, as in any other part of Europe. 

However, towards the latter end of this king’s reign, i.e, 
about the year 1620, the broad filk manufadure was intro- 
duced into this country, and profecuted with great vigour 
and advantage. In 1629, the filk manufadure was become 
fo conliderable in London, that the filk-throwfters of the 
city, and parts adjacent, were incorporated under the name 
of niafler, wardens, &c. of the filk-throwflers ; and \n 1661, 
this ccunjiany of filk-throwftcrs employed above forty thou- 
fand perloiis. The revocation of the edid of Nantes, in 
1685. contributed in a great degree to promote the filk 
manufacture iii this kingdom ; as did alfo the invention of 
the filk throwing machine at Derby, in 1719; for an ac- 
count of which, fee Sii.K, Manufaditrc of. 

So high in reputation was the Englilh filk manufadure, 
that even in Italy, us ICeyller (Travels, vol. i. p. 289.) 
informs us, in 1730, the Englifti filks bore a higher price 
than the Italian. 

The filk-worm is an infed not more remarkable for the 
precious matter it furnifhes for divers fluffs, than for the 
many forms it aflumes, before and after its being enveloped 
in the rich cod or ball which it weaves for itielf. From a 
fmall egg, about the fize of a pin’s head, which is its firft 
ftatc, it becomes a pretty big worm, or caterpillar, of a 
whitifli colour, inclining to yellow. In this ttate it feeds 
on mulberry -leaves, till, being come to maturity, it winds 
itfelf up in a filken bag, or cafe, about the iizc and fhape 
of a pigeon’s egg ; and becomes metamorphofed into an 
aurclia : in this flute it remains without any ligns of life, or 
motion ; till at length it awakes to become a butterfly, after 
making itfelf a paftage out of its filken (epiilchrc ; and, at 
laft, dying indeed, it prepares itielf, by an egg which it 
cafts, for a new life ; which the warmth of the fummer 
weather aliifts it in refuming. 

As foon 39 the filk-worm, or caterpillar, is arrived at the 
fizc and ftrcngtii ncceflhry for beginning his cod, he makes 
his WTb ; for it is thus they call that flight tiffue, winch is 
the beginning and gnnind of tliis admirable work. This is 
his firft day’s employment. On the fecond, he forms his 
folliculus, or ball, and covers himlelf almoft over with filk. 
The third day, he is quite hid ; and the following days he 
employs himlelf in thickening and ftrengthening his ball ; 
always working from one fingle end, which he never breaks 
by his own fault ; and which is fo fine, and fo long, that 
ihofe who have examined it attentively, think they fpeak 
within compafs, when they affirm that each ball contains 
filk enough to reach the length of fix Englifh miles. 

In ten days’ time, the ball is in its perfeflioii ; and it is 
now to be taken down from the branchcvS of the mulberry- 
treesi where the worms have hung it. But this bufinefs 
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requires si great deal of attention ; for there are fome worms 
more lazy than others ; and it is very dangerous waiting till 
they mate thcmfelves a paflage, which ufiially happens 
about the fifteenth day. 

The firft, fineft, and flrongeft balls are kept for the 
breed ; the reft arc carefully wound. If there be uo more 
than can be well wound at once, they lay them for fome 
time in an oven, moderately hot, or elfc expofe them, for 
feveral days fucceflively, to the greateft heats of the fun, in 
order to kill the infcA; which, without this precaution, 
would not fail to open itfelf a way to go and ufe thofe new 
wings abroad, which it has acquired within. Ordinarily, 
they only wind the more perfeft balls. Thofe that are 
double, or too weak, or too coarfc, arc laid afide ; not as 
altogether ufelefs, but that, being improper for winding, 
they are referved to be drawn out into Ikcins. The balls 
are of different colours ; the moft common are yellow, 
orange-colour, ifabella, or flcfh-colour. There are iome 
alfo of a fea-green, others of a fulphur-colour, and others 
white ; but there is no ncccllity for feparating the colours 
and fiiades, to wind them apart, as all thefc colours are to 
be loft in the future fcouring and preparing of the filk. 

Silk, ManufaSure of. In England, where filk is not 
produced in any quantities to be employed by the manufac- 
turer, lie mull commence his operations upon the raw filk, 
with no other preparation than that of being wound off into 
ikeins or hanks from the balls, or cocoons, which the filk- 
worms form. 

In this ftatc the filk is imported from thofe countries 
where it is produced, as Italy, Flanders, Spain, Portugal, 
Turkey, the Eaft Indies, and China. A thread of this 
raw fillc, drawn from the is found to be compofed 

of an affemblage of feveral of the fine fibres or threads 
produced by the worms 5 the fibres being united together 
by a natural gum, which is in the filk, and which is foluble 
an the hot water in which the cocoons are immerfed when 
the filk is wound off. 

To prepare this raw filk for ufe, it is wound from 
the fkeins upon bobbins; the compound thread is then 
twifted, to unite the conftituent fibres more firmly than 
they can be by the gum alone; and afterwards, being 
wound again upon frefh bobbins, two or three threads 
are twifted together to produce a flronger thread, fit for 
the weaver, who warps and finally weaves the filk into 
various articles of ornaments or utility, by proceffes very 
fimilar to the weaving of cotton or linen, but more delicately 
conduced. 

In the countries where the filk is produced, the manu- 
fa 61 ure may be more properly faid to commence with the 
operation of winding or reeling off the threads into fkeins 
from the cocoons, or balls, in which the worms envelope 
themfclves. Thefe balls become an article of trade, as loon 
as the infea within them is killed by expoCng them to heat, 
dither of the fun, or in an oven, or by the ftcam of boiling 
water ; and, in general, the breeders of filk-worms fell them, 
in this ftate, to perfons who make a bufinefs of the opera- 
tion of winding. In Piedmont, where capital filk is pro- 
duced, it is conduced, as follows, by the aid of the filk 
reel reprefented in Plate Silk ManufaSlure, fg. i. 

The balls are thrown into hot water, contained m a copper 
bafin or boiler, A, which is about eighteen inches in length 
and fix deep, fet in brick -work, fo as to admit a fmall chw- 
coal fire beneath it ; or if a fire of wood is intended to be 
made, the fire-place mutt have a fmall flue or chimney of 
iron plate to carry off the fmoke. At the fide of the boiler 
is placed the reel, which is very fimple. BB marks ^e 
wood-framing which fuftains its parts • thefe are, the reel D, 
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upon which the filk is wound ; the layers, which dircas the 
thread upon it ; and the wheel-work b c, which gives motion 
to the layer. The reel, D, is nothing more than a wooden 
fpindle, turned by a handle at the end ; and within the frame, 
at each end, it has four arms mortii'ed into it, to fupport 
the four battenr or rails on which the filk is wound. The 
rails arc parallel to the axis, and at fuch a dillance, that 
they will form a proper-fized Ikcin by the winding of the 
filk upon them, (it is ufu?lly a yard for each revolution.) 
One of each of the four aii'ns is made to fold in the middle 
of its length with hinges, fo . i to caufe the rail, which thefe 
two arms lupport, to fall in or approach the centre, and 
thus diminifit the lize of the reel, and admit the fiteins of 
filk to be taken off at the end of the reel when the winding 
it finifhed. 

Upon the end of the wooden fpindle of the reel, and 
within tljc frame B, is a wheel of twenty-two teeth, to give 
motion to another wheel, r, wliich has about twice tlie num- 
ber of teeth, and is fixed upon the end of an inclined axis, 
this, at the oppofite end, carries a wheel, of twenty- 
two teeth, which gives motion to an horizontal cog-whecl 
of thirty-five teeth. This wheel turns upon a pivot fixed 
in the frame, and has a pin fixed in it, at a dillance from 
the centre, to form an excentric pin or crank, and give a 
backward and forward motion to the flight wooden rail or 
layer Uy which guides the threads upon the reel ; for this 
purpofe, the tlircads are paffed through wire-loops or eyes, 

Oy fixed into tlic layer, and the end thereof oppofite the 
wheel and crank, by is fupported in a mortife or opening 
made in the frame, B, fo that the revolution of the crank 
will caufe the layer to move, and carry the threads alter- 
nately towards the right or left. There is likewife an iron 
bar, Cy fixed over the centre of the boiler at Cy and pierced 
with two holes, through which the threads pafs to guide 
them. 

To deferibe the operation of reeling, it fliould be under- 
ftood, that if the thread of each ball or cocoon was reeled 
feparately, it would be totally unfit for the purpofes of 
the manufadlurer ; in the reeling, therefore, the ends or 
threads of feveral cocoons are joined, and reeled together 
out of warm water, which foftens their natural gum, and 
makes the fibres ttick together, fo as to form one ilrong 
fmooth thread ; and as often as the thread of any fingle 
cocoon breaks or comes to an end, its place is fupplied by 
a new one, fo that by contmually keeping up the fame 
number, the united thread may be wound to any length. 
The fingle threads of the newly added cocoons arc not 
joined by any tie, but fimply laid on the compound thread, 
to which they will adhere by their gum ; and their ends are 
fo fine, as not to occafion the leaft perceptible unevennefs 
in the place on which they are laid. 

The woman who conduAs the reeling is feated before the 
bafin A, and employs a boy or girl to turn the handle of 
the reel : a fire is lighted beneath the bafin A ; and when 
the water becomes nearly boiling hot, fhe throws into the 
bafin two or three handsful of cocoons, and leaves them 
loire minutes, to foften that natural gum with which the filk 
is impregnated ; then fhe llirs up or brufhes the cocoons with 
a wiilc of birch or of rice-ftraw, about fix inches long, cut 
ftumpy, like a worn-out broom ; the loofc threads of the co- 
coons ttick to the wi/lc, and arc drawn out ; fhe then difen- 
gages thefe threads from the wifk, and by drawing the ends 
through her fingers, cleans them from that loofe filk which 
always furrounds the cocoon, till they come oft entirely 
clean: this operation is called la battue: and when the threads 
are quite clean, fhe paffes four or more of them, if fhe in* 
tends to wind fine filk, through each of the holes in the thin 
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iron bar r, which is placed horizontally over the centre of 
the bafin A ; afterwards /he twifts the two compound 
threads (which confiit of four cocoons each) twenty or 
twenty- five times round each other, that the four ends in 
each thread may the better join together by crofling each 
other, and that the thread of the /ilk may be round, which 
otherwife would b(‘ flat. 

The threads, after pa/ling through the holes in the iron 
bar r, a»>d being twilUd together, are pa/Ied through the 
eyes of the loops, <7, of the layer, and thence being conduced 
to the reel, are made tall to one of its rails. The child who turns 
the reel, gives it iht* moll rapid movement po/Iible, and thus 
draws oft tlie threads from the cocoons in the bafin A. The 
flow traverfmg motion of the layer prevents the threads lying 
over each oilier upon the reel, until it has made fo many 
revolutions in the air as to dry the gum of the filk fo far, 
that the threads will not adhere together. After the reel is 
covered for about the breadth of three inches, by the gradual 
progre/Iion of the layer, it returns and direfts a fecond 
courfeof threads over the firft laid, and fo on until tlie required 
length for the /keins is obtained. Tlie machine winds two 
/keins at one time. As it is e/l'cntial to the produ6lion of 
good filk, that the thread /hould have loft part of its heat and 
gumminefs before it touches the bars of the reel, the Pied- 
montefe are by law obliged to have a diftance of thirty *eight 
French inches between the guides, a, and the centre of the 
reel ; and tJie layer mu ft alfo, under a penalty, be moved 
by cog-wheels inftcad of an endlefs cord, which is fometimes 
ufed in Italy, and which, if fiiffered to grow flack, will cau/e 
the layer to llop and not lay the threads diftindly, and that 
part of the ll<ein will be glued together, whereas the cog- 
wheels cannot fail. 

When the flceins are quite dry the reel is removed from 
the frame, and by the folding of tw'o of its arms the flveins 
are taken off. A tic is made with fomc of the refufc filk 
on that part of each flvein where it bore upon the bars of 
the reel, and another tie on the cppofite part of the fleein ; 
after which it is doubled into a hank, and ufually tied round 
near each extremity, when it is laid by for ufe or fale. 

This operation appears very Ample, but to produce a good 
thread requires much attention. The reeler muft not wait 
until the thread of a cocoon is entirely exhaufted before /he 
joins on another, becaufe the threads near the end have not 
above a quarter of their full thicknefj. 'The cocoons pro- 
duce a very unequal length ; fome may be met with which 
yield 1 200 ells, whilft others will fcarccly afford 200 ells. In 
general, the produdlion of a cocoon may be eftimated from 
500 to 600 ells in length. As often as the cocoons (he 
winds are cxiuufted, or break, or only diminifli, fhc joins 
fre/h ones to keep up the requifite number, or the propor- 
tion ; becaufe, as the cocoons wind off, and the thread becomes 
finer, flie nuift join two cocoons half wound to replace a new 
one. Thus fhe can wind tliree new ones and two half wound, 
and the filk will be equal to that produced from four to five 
cocoons. When /he would join a fre/h thread /he mult lay 
one end on her finger, throw it lightly on the other threads 
which are winding, and the gum vull join it immediately, 
and it will continue to go up wdth the reft. She muft not wind 
off her cocoons to the laft, becaufe when they are near at an 
end the hu/k of the worm joins in with the other threads, and 
makes the filk foul and gouty. The filk may be wound of 
any fize from one cocoon to 100, but it is difficult to wind 
more than thirty in a thread. 

The nicety of the operation, and that part in which lies 
the greatett difficulty, is to wind an even thread, becaufe as 
the cocoon winds oft the end is finer, and other cocoons 
muft be joined on to keep up the fame fize. This difficulty 


of keeping the filk always even is fo gteai, that (excepting t 
thread of two cocoons, which is called fuch) they do not laj 
a filk of three, four, or fix cocoons ; but a filk of three to 
four, four to five, or fix to feven cocoons. In a coarfer filk 
it cannot be calculated even fo nearly as tu four cocoons more 
orlefs; they fay, for example, from I2 to 15, from 15 to 
20, and fo on. 

During the operation of winding, the woman muft always 
have a bowl of cold water by her, to dip her fingers in, 
and to fprinkle frequently upon the iron bar e, that the 
heat of the bafin may not burn the threads, alfo to cool her 
fingers every time fhe dips them in the hot water, and to 
pour into the bafin when neceflary, that is, when the water 
begins to boil. The water muft be juft in a proper degree 
of heat ; for when it is too hot, the thread is dead, and has 
no body ; and when too cold, the ends which form the 
thread do not join well, and form a har/h filk. The heat 
of the water from which the cocoons are wound, caufes 
that adhefion of the fibres which compole the filk ; a thread 
can with difficulty be wound olf w^heii cold water is em- 
ployed ; but in this manner the adhefion is very flight, and 
the thread breaks with a /light force, or the lea/t moifturr 
will feparate the fibres ; but the filk wound from hot water 
cannot be feparated except by hot water. 

The old cocoons require the water to be very hot ; if 
the threads break very frequently, it may be conclinle J that 
the w^ater is too cold ; or, or the other hand, if the filk 
comes oft* entangled, and in the ftate of wool, the water is 
too hot. When the firft parcel of cocoons is finiflicd, the 
bafin, A, is cleaned, taking out all the firipcd worms, as 
well as the cocoons, on which there remains a little filk : 
thefe are thrown into a ba/ket, info which the loofe filk 
that comes oft* in making the battue is likewife put as vxafte 
filk, to be carded and fpun into threads. The water in the 
bafin muft be changed four times a day for coarfe filk, and 
twice only for good cocoons of fine filk ; if the water is 
not changed, the filk will not be fo bright and glofly, be- 
caufe the worms contained in the cocoons fou) it very con- 
fiderably. The reeler muft endeavour to wind as much as 
po/Tible with clear water, for if there are too many worms 
in it, the filk will be covered with a kind of dull, which 
afterwards attrafts moths, which deftroys the filk. 

From the gummy or vifcid material which filk gives out 
to water when the cocoons are infufed in it, Chappe found 
that he was able to blow up the water into bubbles, or 
fmall balloons, far more permanent than thofe of k^p and 
water, and offering all the colours of the r.iinbow. So 
dole, indeed, is the texture of thefe filky blAcldcrs, that 
even the moft fubtile gas does not penetrate them. Chappe 
filled many of them, the diameter of each not excccJiTig 
three inches, with hydrogen gas, and found feveral of them 
continued in a ftate of fufpen/ion, in an apartm.eiit, for con- 
/iderably more than twenty-four hours. It is not all filk^ 
however, that is fufficiently glutinous for this purpole; 
that which is of a very deep yellow will not ar.fwer the 
fame purpofe. This filk, from its colour, is luppo/ed to 
be produced by the worm in a peculiar difeafe, yet this 
is a ftate by no means uncommon. 

All kind of filk which is Amply drawn from the cocooni 
by the reeling, is called raw lilk, but is denominated fine 
or coarfe according to the number of fibres of which the 
thread is compofed. 1 n general, the raw filk requires dyeing ; 
to prepare for which the thread is very /lightly twifted, to 
render it ftroug, and more able to bear the adiou of the 
hot liquor, without feparating the fibres or furring up. 
Silk-yarn, which is employed by the v.eavcrs for the woof 
or weft of the fluffs which, they fabricate, is compofed of 
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two or more threads of the raw filk, flightly twitted in a 
machine ; and the thread employed by the ftocking weaver 
is of the fame quality, but compofed of a greater number 
of threads, according to the thicknefs defircd. Organzine 
filk is compofed of two, three, or four threads of raw filk 
twitted, and fo combined as to obtain the greatett ttrength : 
for this purpofe, each thread of raw filk is t willed feparately 
upon itlelf by a mill : the twift is given in a right-handed 
direction, and extremely tight. By a fecond operation of 
twitting, two of thefe threads are combined together, the 
twift being given in a contrary diredion, and not above 
half as tight : this forms a thread fimilar to a rope. This 
defeription of filk, iifed for the warp of ttuffs, is of 
the utmott importance to the manufadurer, for none of 
the principal articles can be fabricated without it. The 
Italians, from whon. we formerly imported the filk in 
the ftate of organzine, for a long time kept the art of 
throwing it a profoiu’d fecret. It was introduced into this 
country by the enterprife and flcill of Meffrs. Thomas and 
John Lomhe, the latter having, at the rifk of his life, and 
hh wonderful ingenuity, taken a plan of one of thefe 
licated machines in the king of Sardinia’s dominions, 

' ich, on his return, they eftablifhed a fimilar fet of 
mills in the town of Derby. (See Derby.) In confidcr- 
ation of the great hazard and cxpcncc attending the under- 
taking, a patent was granted to fir Thomas Lombe in 1718, 
for feciiring to him the privilege of working organzine for 
the term of fourteen years ; but the conttruAion of build- 
ings and engines, and the inttru6lion of the workmen, took 
up fo much time, that the fourteen years were nearly ex- 
pired before he could derive any advantage from it j in 
confequence of which, he petitioned parliament, in I73i» 
to grant him a further term : but parliament, confidering 
it an objeft of national importance, granted him the fum of 
14,000/. on condition that he fhould allow a perfetl model 
of the machinery to be taken, and dcpofited in the Tower 
of London for public infpedlion. Similar mills were, in 
courfe of time, eroded in different parts of the country ; 
but owing to the difliculties that were experienced in pro- 
curing raw Italian filk of the proper fize for organiine (the 
exportation of which was prohibited by the Italians), and 
to the mills having fubfequently found employment for 
other purpofes, the quantities worked into organzine, for 
many years, bore fcarcely any proportion to the imports 
from Italy ; it has howevct been fince revived and im- 
proved, in confequence of which it is now carried on to a 
very confiderable extent, as well in other parts of England 
as at Derby. 

The procefs which the filk undergoes to bring it into 
this ftate, confifts of fix different operations, 
is wound from the fkein upon bobbins in the winding ma- 
chines. 2. It is then forted into different qualities, 3. It 
is fpun or twitted on a mill in the (ingle thread, the twill 
being in the diredion of from right to left, and very tight. 

4. Two or more threads thus fpun are doubled or drawn 
together through the fingers of a woman, who at the fame 
time cleans them, by taking out the dubs which may have 
been left in the filk by the negligence of the foreign reeltr. 

5, It is then thrown by a mill, that is, the two threads arc 
twitted together, either flack or hard, as the manufacture 
may require ; but the twilt is in an oppofite diredion to 
the fir It twill, and it is wound at the fame tune in Ikeins upon 
a reel. 6. The Ikeins are forted according to their different 
degrees of finenefs, and then the proceh is complete. 

The firft operation which the raw liik undergoes is wind- 
5ng, that is, drawing it off* from t-'ie ikeins in winch it is 
imported, and winding it upon wooden bobbins, in which 
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ftate it can go to the other machines. The winding. frame* 

18 ^ewn at Jig, 2. of the plate, or rather a part of it, 
which will wind fix threads at once, and by incrcafing 
the length it iray be made to receive any number. Each 
of the Mceins is extended upon a flight reel A A, called a 
fwift ; it is compofed of four fmall rods, fixed into an axis, 
and fmall bands of firing are (Iretched between the arms to 
receive the fl<ein, bat at the fame time the bands admit of 
Aiding to a greater or hT*, dilla'.cc from t!ie centre, fo as to 
increafe the effedive diameter of the j\rl, according to tlic 
fize of the (]<ein, becaiife the fkeins, winch come froni dif- 
ferent countries, vary in fize, bcinv^ general! \ an exadl yard, 
or other fimilar meafure, of the country where the liiks are 
produced. The fwifts are fupported i.ptin wire pivots, upon 
which they turn freely when tlic filk is drawn off from 
them; but in order to caufe the thread to draw with 
a gentle force, a looped piece of firing, or wire, is Ining 
upon the axis withinlide the reel, and a Irnall leaden weigJit, 
c, being attached to it\ will caufe a (iifiicient frirtion. B, B, 
are the bobbins which draw off the threads ; iliey are re- 
ceived in the frame, and arc turned by me ins of a wheel be- 
neath c.ach, the bobbin having a fmall roller upon the end of 
it, which bears by its weight upon the cii cumfcrcncc of the 
wheel, and the bobbin is tliercby put in motion to draw off 
the filk from the fwift. D ij the layer, a findl light rod of 
wood, which has a wire-eye fixed into it, oppofite to each 
bobbin, fo as to condudl the thread thereupon ; and as the 
layer moves conitantly backwards and forwards, the thread is 
regularly fpread upon the length of the bobbin. The mo- 
tion of the layer is produced by a crank fixed upon the end 
of a crofs-fpindle, E, which is turned by means of a pair of 
bevelled wheels from the end of the horizontal axle, upon 
which the wheolR for turning all the bobbins arc fixed. 

Thefe winding-machincs arc ufually fituiited in the top 
building of the mill, the frames being made of great length, 
and alfo double, to contain a row of bobbins and fwifts at 
the back as well as in front. Two of thefe doiibl'* frames 
arc put in motion by cog-wheels from the vertical fhaft, F, 
which afeends from the lower apartments of the mill, where 
the twilling.machines are placed. The windlng-machinei 
require a conflanl attendance of children to mend the ends 
or threads which are hroki n ; or when they are exhaufted, 
they replace them by putting new flieins upon the fwifts. 
When the bobbins arc filled they arc taken away, by only 
lifting them up out of their frame, and frefh ones are put in 
their places. 

A patent has been lately taken out by Meffrs. Gent and 
Clarke, for a new conllrudlion of the fwifts for winding- 
machines : they are made with fix lingle arms in (lead of four 
double ones ; and the arms arc fmall flat tubes, made to 
contain the items of wire forks, which receive the flccin in- 
itcad of the bands of firing in the common fwifts. Thefe 
forks admit of drawing out from the tubes until the fwift 
IS fufficicntly enlarged to extend it ; but aa they extend the 
(kein at fix points inftead of four, as in the common one, 
the motion is more regular. Inftead of the weight which 
caufes the fridion, a (pring is ufed to prefs upon the end 
pivot of the axis, and make the requifite refiilance. 

The twitting of the filk is always performed by a fpindle 
and bobbin, with a flyer, but the conitrudion of the machine 
which puts the fpindle in motion is frequently varied. The 
limits of our plate do not admit a reprefentation of the great 
machines, or throwtting-millR, fucli as are ufed at Derby, and 
at almoft alltho other great filk-mills in England. 
we have given a drawing of a fmall machi.ne, which vj limi- 
lar in the parts which adt upon the filk ; and indeed many 
mills employ fuch machines conttruded on a large feale. 
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The one in our plate contains only thirteen fpindles, and i« in- 
tended to be turned by hand^ a method which is too ex- 
penfive for this country, but is common in the fouth of 
France, where many artifans purchafe their filk in the raw 
ftate, and employ their wives or children to prepare it by 
ihefe machines, which they call ovals, bccaufe the fpindles 
arc arranged in an oval frame, G H. B is the handle 
by which the motion is given ; it is fixed on the end of a 
fpindle, R, which carries a wheel, D, to give motion to a 
pinion upon the upper end of a vertical axle, E : this, at the 
lower end, has a drum or wheel F, to receive an endlefs llrap 
or band, a ay which encompaffes the oval frame G, and 
gives motion to all the fpindles at once. The fpindles 
are placed pcrjiondicularly in the frame G H, their points 
refting in fm ill holes in pieces of glafs, which are let into 
the oval plauk G ; and the fpindles are alfo received in col- 
lars affixed lo an oval frame H, which is fupported from the 
plank, G, by bloc ks of wood ; d and a are Imall rollers, fup- 
porled in the frame G H, in a fimilar manner to the fpindles : 
their ufe is to confine the flrap, a% to prefs againft the 
rollers of tlie fpindles with fufficient force to keep them all 
in motion. 

The thread is taken up as .fall as it is twilled by a reel, K, 
which is tu) ned by a wheel, A, and a pinion, i, upon the end 
of the principal fpindle, R. The threads arc guided by 
palling through wire-eyes, fixed in an oval frame, L, which 
is fupported in the frame of the machine by a fingle bar or 
rail, / /, and this has a regular traverfing motion backwards 
and forwards, by means of a crank, or cxcentric pin, 
fixed in a fmall cog-wheel, which is turned by a pinion upon 
the vertical axis E ; the oppolite end of the rail, /, is fupported 
upon a roller, to make it move cafily. By this means the 
guides are in con 11 ant motion, and lay the threads regularly 
upon the reel K, when it turns round, and gathers up the filk 
upon it, as (hewn in the figure. 

One of the fpindles is (hewn at r without a bobbin, but 
all the others are reprefented as being mounted and in a6lion. 
A bobbin, f, is fitted upon each fpindle, by the hole through 
it being adapted to the conical form of the fpindle, but in 
fuch manner, that the bobbin is at liberty to turn freely round 
upon the fpindle : a piece of hard wood is fluck fall upon 
each fpindle, jiill above the bobbin, and has a fmall pin enter- 
ing into a hole in. the top of the fpindle, fo as to oblige it to 
revolve with the fpindle ; this piece of wood has the wirc- 
fiyer, by fixed to it : the flyer is formed into eyes at the two 
extremities ; one is turned down, fo as to Hand oppofite the 
middle of the bobbin e ; and the other arm, by is bent upwards, 
fo that the eye is exactly over the centre of the fpindle, 
and at a height of fome inches above the top of the fpindle. 
Tlie thread from the bobbin, r, is palfcd through both the eyes 
of this wire, and mult evidently receive a twill when tlie fpin- 
dle is turned ; and at the fame time, bv drawing up the thread 
through the upper eye, b^ of the flyer, it will turn the bobbin 
round and unwind therefrom. The rate at which the thread 
is drawn off from the bobbin, compared with the number of 
revolutions which the flyers make in the fame time, deter- 
mines the twill to be hard or foft ; and this circumllance is 
regulated by the proportion of the wheel, hy to the pinion 
I, from which it receives motion ; and thefc can be changed 
when it is required to fpin different kinds of filk. The 
operation of the machine is very limple ; the bobbins filled 
with filk in the winding-machine, fig. i , arc put loofe upon 
the fpindles at r, and the flyers are lluck fail upon the top of 
the fpindles : the threads are conduced through the eyes of 
the flyers by and of the layers L, and are then made faft to the 
reel K, upon which it will be feen that there are double the 
iHimber of fkeins to that of the fpindles reprefented, becaufe 
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one half of the number of the fpindles is on the oppofite fide 
of the oval frame, fo that they are hidden. With this prepara- 
tion the machine is put in motion, and continues to fpin the 
threads by the motion of the flyers, and to draw them oft 
gradually from the bobbins, until the flecins upon the reel are 
made up to the requifite lengths. This is known by a train of 
wheel-work at n o py confilling of a pinion, i?, fixed upon the 
principal fpindle R, turning a wheel Oy which has a pinion 
fixed to it, and turning a larger wheel p ; this has another 
wheel upon its fpindle, with a pin fixed in it, which at every 
revolution raifes a hammer, and ftrikes upon a bell, Sy to in- 
form the attendant that the fkeins are made up to a proper 
length. When this machine is employed for tlie firll opera- 
tion of twilling the organ zine, the wheel, hy mull be larger, 
and the pinion, i, fmaller than reprefented, in order that the 
reel, K, may be turned (lowly, and the threads will therefore 
receive a llronger and clofer twill. Alfo, the handle B is 
turned in an oppofite diredion to that in which it mult move 
for the final throwing oft the two or three twilled threads to- 
gether ; and as it mull alfo move for twilling the raw threads 
together for the warp of filk-ltuffs, and for weaving flock- 
ings, this reverfe movement makes no alteration in tlie ma- 
chine, except that it will give twill in a contrary diredion ; 
for it is always necelfary, when two or more twilled threads 
are combined by twilling, that the twill of the original threads 
(hall be in the oppofite diredion to that twill wliich unites 
them into one thread, in the fame manner as for making 
ropes, organ/.ine lilk being in fad fmall rope, and llocking- 
(ilk or warp being only yarn. The filk which is intended 
to be dyed, is previoufly twilled very (lightly in this machine, 
and of courfe m that diredion which will fuit the purpofe for 
which it is ultimately intended ; via. whether for yarn or 
or^anzbe. 

The great mills for twilling filk, originally introduced by 
MellVs. Lombe, though very complicated, are fimple in their 
operation, becaufe the complexity arifes from the great 
number of fpindles which are aduated by the fame move- 
ment, every one of which produces its effed independent of 
the others, and in the fame manner as the oval which we 
have deferibed. A machine is contained in a circular frame, 
of which the diameter varies from ii to 13, 15, and even 
17 feet ; but 15 feet *18 the general fize of the original Pied- 
montefe machines. In the centre of the frame is a perpen- 
dicular axis or fpindle, coming up through the floor of the 
chamber, and riling to the cieling ; it is put in motion by a 
communication of wheel-work from a water-wheel, or other- 
wife from a horfe-whecl. The axis has upon it two, three, 
or four horizontal wheels, according to the height of the 
machine, which revolve with it, and are of a fiifTicient lize 
to fill nearly all the interior of the circular frame, and ad 
upon the pulleys or rollers of the fpindles, which arc fup- 
ported vertically in the frame, and arranged round the ma- 
chine, at equal dillances, in a circle, the number being pro- 
portioned to the dimenlions of the machine. The fpindles 
arc alfo arranged in as many different llages of height as there 
are wheels upon the vertical fpindle ; for the circumference of 
each wheel prelies againll the rollers of the ipiiidlcs which 
are arranged round it ; and thus, when the wheel revolves, it 
gives a very rapid motion to all the fpindles at once, by the 
contad of the edge of the wheel, but without any ilrapi 
as in the oval. Each fpindle has a bobbin, filled with filk, 
fitted upon the top of it, and from this the filk is carried 
up to a horizontal reel, which is turned round (lowly hy the 
machine, and draws off the thread graduitlly from the bob- 
bin ; the flyer, being all the while in rapid motion, twills 
the thread upon itfeif, or, if two or three threads are pre- 
vioufly wound together upon the bobbin, they will be 
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twitted round each other. Each reel ferves to take up the 
thread from feveral fpindles which are fituated beneath it : 
thus, in a mill of fifteen feet diameter, there will be fix 
fpindles beneath each reel. 

To explain this machine more clearly, we will give a de- 
feription of one of thirteen feet diameter, which has four 
large wheels and ft ages of fpindles, two of which arc for 
giving the firft preparation to the organziiie ; the fpindles 
revolve in a direftion from right to left. The fpindles of 
the other two ftages are for the fmiftiing the twift, and alfo 
for twilling the fingle threads which are to be ufed for 
warp or for ftocking-weaving ; they revolve in a contrary 
dire^ion to the former. The frame of the machine confi(ts 
of two wooden circles of thirteen feet diameter, one placed 
upon the floor of the mill, and the other at a height of 
Bfteen feet above, the two being united by fourteen upright 
pillars of wood, which altogether compofc a large cylin- 
drical frame or lantern. Each ftage contains eighty-four iron 
fpindles, placed vertically, and fupported in the ftage, 
which is formed of two wooden circles, extended round 
between the fourteen uprights of the lantern, and fixed one 
above the other, at about a diftance of four inches afundcr, 
fo as to fupport the fpindles between them, in the fame man- 
ner as the pieces, G, H, of the oval laft deferibed. 

The circles of the ftage are of a rather lefs diameter than 
the two circles which compofe the top and bottom of the 
lantern ; fo that the fpindles will be rather within the circle 
of the frame of the lantern, and admit the wheels of the 
central axis to a£l upon them. For this purpofe, each of the 
circles of the ftage is made up by fourteen fegments fixed 
between the uprights, and each fegment fupports fix fpin- 
dles, making up the number of eighty-four in the whole 
circle. The fpindles, like thofe of the oval, are fharp- 
pointed at the lower end, and the points rell in fmall holes 
made in pieces of glafs, which arc let into the lower circle of 
the ftage, whilft the upper circle fuftains the fpindle at a 
height of four or five inches above the point, leaving full 
one-third of the length of the fpindle projefting above, for 
the purpofe of fitting the bobbin upon it. The upper circle 
of the ftage is rather fmallcr than the lower, becaufe the 
fpindles do not pafs through it, but through holes in 
fmall pieces of hard wood, which project from it, fo as 
to be cxadlly above the pieces of glafs which fuftain the 
points of the fpindles. Each fpindle han a fmall roller 
fixed upon it in the fpace be<’ween the two circles of the 
ilage, and it is the contad ot the rim of the great wheel 
upon thefe that caufes t!ic revolution of the fpindles when 
the wheel revolves. In order to make tlie ronta6l cert<iin, 
the exterior rim of the great central whet l is made in levc- 
ral fegments, and each fegment has a aniftani tendency to 
recede from the central axis by the aclion of a weight, and 
thus prefs againil the rollers of the fpindles. In order to 
give the reverfe movement of the fpindles, which wc have 
before fpoken of in the defeription of the oval, the 
wheels for two of the ftages are made differently from thofe 
■which vve have juft deferibed, fo that the fegments of the 
rim will a£l upon the outfidcs of the rollers of the fpindles, 
inftead of the infides : for this purpofe the wheels arc made 
larger than the ftages in which the fpindles are j)laced, and 
from the rim of the wheel fmall pillars rife up to iupport the 
fegments, which a6t upon the rollers of the fpindles in front 
or withoutfide of the circles, inftead of the infide, as is the cafe 
with the other ftages, in confequenceof which the fpind es of 
ihefc ftages turn in oppofite diredlions. The reels are placed 
over the bobbins, to take up the threads when twifted ; and 
the rollers of the different fpindles are made header or 
larger, as is required, to give more or kfs twill to the liiK 
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operated upon by them ; for the velocity witit which the 
fpindles revolve, compared with the rate at which the reels 
take up the thread, determines the degree of twill which 
the thread will have ; and to render this equable, the reels 
which draw off the filk from the bobbins of tlic fpindles are 
turned regularly with the motion of the macfiine by means of 
wheel-work, which is more eafily conceived than deferibed : 
it is fufficieiit to Hate that it receives its motion from the 
central vertical axis. There is alfo a layer adapted to each 
reel, with a wirc-eyc to receive each thread ; and the layers 
having a flowly reciprocating motion, diflributc the threads 
regularly upon the reel*;, in a fimilar manner to that firft de- 
feribed for t!ie oval. One of thi fe reels is placed between 
each of the uprights of the inacliinc, fo as to make fourteen 
reels in the whole circle of each ftage, and evt*ry reel ferves 
to take the filk from the bobbins of fix fpindles. The 
whole machine in the four ftages contains 336 fpindles. 

A machine of four ftages is fo lu’gh, as to reach through 
two floors of the mill, and for thi‘i purpofe the upper floor 
io made with a hirgc round opening, to admit the machine : 
this floor ferves the people who attend the machine, and 
change the bobbins when exhaufted, and alfo remove the 
finifhed filk from the reels. 

The fpindles in the* upper ftages arc ufually devoted to 
llie firft twi fling of the fingle threads for the organzine, 
and therefore turn the rewerfe way, as before mentioned ; 
and as the filk is afterwards to be thrown, or re-twifted, 
they arc drawn <.ft' from tlie bobbins by large bobbins of 
three inches diameter, and four inches long, inftead of the 
reels. Thefe bobbins are lluck fix together upon a long 
fpindle, fituated horizontally, and turned by fimilar wheel- 
work to that which aduated the reels ; they have fimilar 
layers to condud the filk regularly upon the bobbins from 
one cud to the other, fo that the operation is not at all 
different. 

Til many of the beft filk-milk, they have abandoned the 
original method of turning the fpindles, for the preparation 
of organzine, the reverfe way, by making the adion of the 
wlieels upon the out fide, inftead of the infide, of the circle 
of fpindles. Inftead of them they employ two difierent 
machines, one for the firft operation on organzinc, and the 
other for the fecond operation, both of them conflruded 
with tlie wheels witliinfide: hut the motion of the two 
machines is reverfed to cacli other, 

S- reprefents a fingle fpindle of a throwfling ma- 
chine, which, though tlie fame in its adlion as the great 
mill, is difierent in its conftrudion. G and H reprefent 
portions of the rails or circles of the fiage which fupport 
the fpindle, and a a ha part of the rim of the great wheel 
of the central axle. This wheel is not made in fegmenlr, 
as before deft ribed, but is made very truly circular, and 
coverej wuh leather on llic edge, tliat it may ad with 
more force t j turn the roller, /, of the fpindle. The point 
of the fpimlle rtfts in a glafs cap, fupported by the rad G, 
and the roller, /, is always made to prefo againfl the rim 
of the great wheel, by a fmall lever, and a iinng, 
which, after turning over a pulley, has the weight, c, made 
faft to it, to prefs the fpindle always towards the wheel. 
In this machine, inftead of the reel, the thread is taken up 
by a bobbin, K, is put into a frame, m, which moves oil 
pivots, and by a weight, «, is prefied down fo as to make 
the bobbin bear upon the edge of a wheel, /j, which is kept 
in conftant and regular motion, by the fame kind of 
ment which turns the reels of the great machine. 1 he 
intention of this is, that the adion of the wheel, hy to 
turn the bobbin, being communicated by preffiire againfl 
the part upon which the filk is to wind, will be cpn- 
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ftant, and will not draw more when the bobbin is lar^ 
and full, or Id's when it is empty, as mult be the cafe when 
the motion is given to the axis of the bobbin. 

After the filk is twilled in a nght-hand direction, if it 
is intended for yarn, or for dyeing ; or in a left-hand direc- 
tion, if it is prepared for orga’i/ine ; it niufl be wound on 
frcfli bobbins, with two or three threads together, prepara- 
tory to twitting them into one thread. In tlie original 
madunes at Derby this was done by women, who, with 
hand- wheels, w'oiind the threads from two or tliree of the 
large bobbins, upon wliich the lilk is gath^ red inftead of 
the reels, and allembled them tvs o or three together upon 
another bobbin, of a proper fize tu Ix' returned to the twitt- 
ing mill. We have \<“n an att('7;jpi fur a machine to per- 
form the doubling, vvim li ifi flightly r-prefented in fig. 4. 
Tiie whole machine itfelf is very limilar to the winding- 
macliine, jig. 2, but inflea J of the Iwift, the bobbins from 
the ihrowlling-mill are placs d in front at A, ftg. 4, two or 
three in a rc>vs^ The threads from tiiefe are pafled over the 
rail m, and beneath a piece of wood, n, both which, being 
covered with cloth, have the fame effed to clean the filk by 
drawing through them, as the fiugers of the winder. B is 
the bobbin upon whicii the two or three threads arc to be 
wound together ; it is turned by a wheel, F, upon which 
it refls, tlie fame as the bobbins of the wiiiding-machiue ; 
and D is the layer, which, for convenience, is in this cafe 
placed behind the bobbin, B ; and the wuro-eye, J, which 
receives the three threads, is made to reach over to the 
front. The additional apparatus conlills of a fmall piece 
of wood, which Aides freely up and down, in a hole, 
through a fixed board, /. On the top of the Aider, r, is 
an eye of wire, throiigli which one of the fliiglc threads of 
filk paffes in its pallagc from between the pieces m, «, to the 
bobbin B ; there is one of thefe Aiders, r, to each of the 
three threads ; / v is a lever moving on the centre w ; the 
end / is immediately beneath the fmall Aiders r, and the 
end V is formed to a hook, to catch into the notches 
which are made in the end of the bobbin B. A fmall 
counter weight, .v, alw^ays caules the hook, v, of this kver 
to recede from the bobbin ; but if any one (#f the three 
threads break, it fuffers the Aider r, which b»'long6 to it, 
to defeend upon the end, /, of the lever, and clepreAes the 
end of the lever, fo as to bring the hook, v, in a fituation to 
catch a tooth of the b<)bbin B, and Hop Us motion. By 
this means the wunding of three threads together is rendered 
equally certain with the winding of one ; for wdien any one 
breaks, the operation of wunding on that bobbin ttops, 
until the attendant repairs the broken thread, and puts the 
machine again in motion. We have lately been informed, 
that a machine for winding Iw'o and three threads together 
is becoming common in the filk-mills, but we do not know 
if it is the fame with this one, which however is not evi- 
dently impradficable. 

The bobbins, being thus filled with double or triple threads, 
are carried back to the throwtting machine, and are there 
fpun or twitted together, the manner of doing w'hich does 
not differ from the operation which we have before delcribcd. 
In this fecond operation the filk is taken up by reels inttead 
of bobbins, and is thus made up into fkeins. The degree of 
twin varies with the purpofe for which the filk is intended ; 
and the wheels which give motion to the reels are for this pur- 
pofe adapted to the degree of twitt which the filk is defired 
to have. The filk, being now fpun, requires only the pre- 
paration of boiling to difeharge the gum, and render the filk 
fit to receive the dye, and alfo to render it foft and glolfy. 
The filk is boiled for about four hours, in a boiler filled with 
water, into which a fmall quantity of foap is put ; this opera- 
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tion diffolves the gum, which before could be felt upon the 
filk, and rendered it harAi. After the boiling, it is well 
waAied in a current of clear water, and when dried, will be 
found to have loft about onc-fourth of its weight ; at the 
fame time the volume of the filk is fenfibly increafed, and it 
has acquired that foft texture and glolfinefs, w^hich are the 
principal beauties of lilk. This change is produced by the 
diffolution of the gum, which, in the firft inftar.ee, was the 
only adherence of the fibre to form a thread, but by the 
operation of the twitting the fibres are firmly united, and no 
longer require the gum. It is alfo neceffary, in order to give 
a line dye to the filk, that the gum Ihould be removed, be- 
caufe it would prevent the entrance of the dyeing matter to 
the centre of the thread, and thus impair the beauty of the 
colour. If the filk was thus boiled before the twitting, no- 
thing but a fine entangled down or wool would be obtained, 
and It would require ipinning, by a limilar procefa to that of 
cotton, before a thread could be obtained. This, indeed, is 
neceflary for that portion of watte filk which is drawn from 
the cocoons in the firft operation of reeling ; alfo for thofe 
cocoons which are rclerved for breeding, and from which 
the motha eat their way out by lioles, which render it im- 
practicable to wind oft the filk. This watte filk, when care- 
fully fpun by a fpinning-wheel, is called fpun filk, and the 
thread is not inferior to the regular filk which is wound off : 
indeed, the winding off the iilk into a thread united by 
its gum, is of no advantage farther than as a preparation 
for fpinning, from which procefs the thread obtains its 
llrength. 

The filk is now in a ft ate for ufe : if it is for ftocking- 
weaving, or fewing, or if intended for weaving into fluff, it 
only requires warping to be put into tlieh>om. The opera- 
tion of warping is to put together all the threads which are 
to compofc the warp of the intended piece of fluff, and lay 
them parallel, fo that the warp, being put into the loom, wiU 
have no flack threads, nor any which are ttrained too tight. 
Formerly, this operation w'as performed by ftretchiiig the 
threads out at length in a field, or by extending them in a 
frame, and winding them backwards and forwards over pegs. 
The warping macliine now univcrfally employed is Aiewn in 
fg. 69 where A A is a treffel or ftool, which fupports the 
fmall bobbins upon which the filk is wound. The nurn- 
ber of thefe is equal to the number of threads which the warp 
of the intended piece of fluff is to ha\c in its breadth. The 
threads from all thele b</bbins aic drawn over wires dydy 
which are in front of the bobbins, and are then all brought 
log»-iher, and puffed through an opening in a piece of wood 
D ► this conducts the threads all together upon a large reel 
E E, which u fupported in a frame F F F, and turned round 
by means of a pulley at the lower end of its axle, from 
which an endlcfs band is continued to a fecond wheel G, 
mounted on a fpindle, and turned by a handle. This latter 
fpindle is fupported in a fort of llool H, upon which a child 
fits down, and at the fame time turns the handle and puts the 
reel in motmn, fo as to draw the warp or affemblage of 
threads off from the feveral bobbins, and lay it upon the 
reel E. The piece of voud D is fitted upon one of the up- 
right pieces, F, of the frame, to Aide freely up and down 
upon it, and is fufpended by a cord, which, after palling 
over a pulley /, is wTapped round the fpindle of the machine 
at f : by this means, the motion of the reel, E, draws tlie 
cord, and raifes up the piece D, fo as to lay the warp upon 
the circumference of the reel, in a regular fpiral, from one 
end to the other, and prevent the coils lapping one upon an- 
other. When the required length of warp is wound upon the 
reel, the ends of all the threads are cut off, tied together, and 
thus drawn off from the reel and rolled up into a large ball. 
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in which ttate the weaver takea it, and mounts it in his 
loom. 

For the fubfequent operations of weaving we fliall refer 
to the article Weaving, becaufe the weaving of filk 
goods is the fame as for any other, except that Ynier and 
more beautiful articles are produced in this fubftance than 
in any other. Some information on the details of weaving 
mechanifm will be found under our articles Draught of 
L.oomSf DiiAw-Z^oom, Diaper, Dimity, and Dohnock ; 
and though thefe are rather the weaving of linen and cotton 
than filk, the fame principles apply to filk, as will be more 
fully explained under Weaving ; where a defcription of 
weaving ribbands and figured filks will be given. 

Silk is diiiingiiifhed by different names according to its 
different Hates. Thus, 

Silk, Spurii is that taken from the ball, without fire, and 
fpun into thread without any co^ion : fuch as is moll, if not 
all, that is brought into England from the Levant ; i. e. from 
Perfia by the way of Turkey, from Bengal in India, and from 
China. The raw fpun filk is commonly worked up into two 
forts, called organise and tram : the former is made by 
giving a throw or twifl to each thread of raw fpun filk fingly, 
and then doubling two of thefe twilled threads together, 
and twilling them fmartly together ; this forms the warp 
or length of a piece when manufa^lured. The tram, or 
Ihoot, which makes the breadth of the piece, is formed by 
twilling two or more threads of raw filk flack. The walle raw 
filk, or refufe in reeling. See. is collc<^\cd, carded, and fpun, 
and called fo/s fllk j this is doubled and thrown, and often 
made into a cheap fort of lilk-llockingfi, which are very 
llrong and durable. 

In the Frencli filk-works, the greatcll part of this raw 
filk paliep for little better than a kind of fine floretta ; yet, 
when fpun, it makes a bright thread, and ferves for the 
nianiifa^lure of fluffs of moderate value and lullre. But the 
fpun filks of the I^evant, whence moll of our’s come, are ex- 
ceedingly fine and bcantiful. The diflercnce arifes hence, 
that in France, the bell balls are reeled off in boiling 
W’atcr, and only the refufe made into fpun filk ; whereas, in 
the I^evant, there is no fuch thing as reeling or winding on 
the fire, but the filk'? arc all fent in hales, or packs, as they 
are drawn from off the balls ; fo that they are only dif- 
tiriguiflied by their quality of fine, middling, and ooarfe. 

Silk, Boiled, is that whuh lias been boiled in water, to 
facilitate the fpiiining and vNf;jding. This is the finefi; of all 
the forts of filk maniifadlured in France, and is feldom 
uled but in tlie richell Ilufis ; as velvets, taffeties, damafks, 
brocades, &c. 

There is alfo another kind of boiled filk, which is prepared 
by boiling, to be milled ; and wbicli cannot receive that 
preparation, without being firfl pafled through hot water. 
By the laws of France, it has been prohibited to m’X raw with 
boiled filk ; both as fucli a pra^icc fpoils the dyeing, and as 
the raw filk corrupts and cuts the boiled. 

SiLK'^, ihremued or tnvifled^ are fuch as, befides their fpin- 
ning and wiiiding, have received their milling or throwing. 

This they receive in a different degree, as they are pafled 
oftener or feldomer over the mill ; properly, however, 
throwed filks arc thofe in which the threads are pretty thick- 
throwed, and twifled feveral times. 

The t}irc)vvn filk comes to us chiefly from Leghorn, Ge- 
aoa, Naples, and Meflina. 

Silks, Silach, are fuch as are not twilled, but are prepared, 
and dyed for tapellry, and other works with the needle. 

Silk. Bojlern or Bojl Indian, That popularly thus called 
is not the work of the filk-worm, but comes from a plant 
that produces it, in pods, much like thofe of the cotton- 
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tree. The matter this pod contains is extremely white/ 
fine, and moderately gloffy ; it fpins rafily, and i? made into 
a kind of filk, that enters the manu failure of feveral Indian 
and Chinefe Huffs. 

Silks, French, It U only in the nitdl fouthern provinces 
of France that filk is cultivated, mulberry-trees planted, 
and worms bred. The principal places arc l.anguidoc, 
Dauphine, Provence, Avignon, Savoy, and Lyons This 
lall place, indeed, furnifhes very few filks of its own growth ; 
but it is the great Itaple whence the merchants of Paris, and 
the other cities, are to fetch them. At leall, they arc 
obliged to have them pala thn>ugh l^yous, if they bring 
them from other places, eithe.* by land or lea. M’bere 
have been computed to enter Lyons, communihus einms, fix 
thoufand baleb ; the bale valued at one hundred and tixty 
pounds weight ; of which fix thoufand balei, there are one 
thoufand four hundred from the l^evant, one thnuf.u d fix 
hundred from Sicily, one ihouland five hundred from Italy, 
three hundnil from Spain, and one thoul.ind two hundred 
from Languedoc, Provence, and l>ti»j}ihinc. 

At the tin\e when the mannfaCliires of Lyons w'ere iir 
their profperity, there were n ». koned bi’ eightei n thou- 
fand looms employ' d in tin filk manufacture ; but in 
there were not reckoned foui thoulund. Plowevcr, tliis 
manufailurc afferw'ards revived, and a great pait of Kin ope 
has been fupplied from bc‘nce wulli brocade and rich filks. 
The decay has not been lefs nolabh^ at To'irs ; they had 
formerly there eight hundred nnlK tor wonding and prepar- 
ing the filks ; eight thoufand looms to wa*ave them ; and 
forty thoufand pci fons employed in the preparation and 
manufarturing of them ; but thefe have been reduced to 
feventy mills, twelve hundred looms, and aVioiit four thou- 
fand perfons. The* revolution has, however, made fuch an 
alteration in the manufarturcs and trade of France, and they 
arc flill ( i8i6) in fo unfettled a ilate, that no correct efli- 
matc of them can be obtained. 

Silks, Sicilian . The commerce of the filks of Sicily hat 
been very confiderable ; and the Florentines, Geuoefe, and 
Luccefc, are the people who have chiefly availed them fel vet 
of it. Great quantities were yearly bn^ught tlienee, efpe- 
cially from Meflina ; part of which they ufed in their own 
manufadlures, and fold the re(l to their neighbours the 
French, 5cc. with profit. The Italians had this advantage, 
elpecially the Genoefe, over other people, that, having large 
eflahlifhments in the ifland, they were reputed as natives, and 
paid no duty for the export. 

Part of the Sicilian filks is raw, the refl are fpun and 
milled ; of which lall kind, thofe of St. Lucia and Meflina 
arc the moft valued. Tlie raw' unwrought filks were alway* 
fold for ready money; the others, fometimes, in exchange 
for other goods. See Sk'II.y. 

Silks, Italian, The filks brought from Italy arc partly 
wrought, and partly raw and unwrought. Milan, Parma, 
Lucca, and Modena, furnifh none but the latter kind ; 
Genoa moll of the former ; Bologna affords both kinds. 
The fineft Italian wrought filk comes from Piedmont, Novi, 
Bergamo, and Bologna ; and is imported into England from 
the ports of Nice, Genoa, and Leghorn. 

The filk wc have from Italy is generally thrown, and 
ferves for warp for our manufadturcs. 

Silks, Spant/h, arc all raw ; and are fpun, milled, &c. 
in England, according to the feveral works in which they 
arc to be ufed. 

Silks, Turkey, are all raw. One advantage we have in 
the commerce of the Levant, in filks, wanting in thofe of 
Sicily, is, that the latter are confined to a particular fea- 
£om of the year j whereas the former are bought at all times. 
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Tht y are brought from Aleppo, Tripoli, Say da, and from 
tlu* iflc of Cyprus, Candia, 5cc. But tlic principal place 
of commerce, erpecially for the filks of Perfia, is Smyrna. 
The filks arc brouglit hither in caravans, from the month 
of January to September. The caravans in January are 
loaden with the hnelt lilks ; thofc of February and March 
being indifferent ones ; the reff, the coarfeft. They all 
come from the feveral provinces of Perfia, chiefly tliofe of 
Ghilan and Shirvan, and the city of Schaniachia, fituate 
near the edge of the* Caipian fea ; from which three places, 
a Dutch author afiures us, tliere have not come lefs than 
thirty thoufand bales of filk in a year. Ghilan produces 
the bed and greatcll quantities of filk ; next to this arc 
Shirvan and Erivan, then Mazanderan, and lallly Altrabad ; 
but the latter is much inferior, ferving only for a manufac- 
ture mixed with cotton ; that of Mazanderan and Aftrabad 
is feldorn or ever exported. 

Ardeuil, or Ardcbil, another city of Perfia, not far dif- 
tant from thefe filk countries, is the place where filks arc 
laid wj), and whence the caravans fet out for Smyrna, 
Aleppo, Scanderoon, and Coiiltantinople ; and it is this 
city, with Schamachia, that have always been efteemed the 
centre of the filk trade ; whicli has been feveral times at- 
tempted to be removed from Smyrna, and the Mediter- 
ranean, in favour of Arcliangel, and tlie While fea, by 
carrying them acrofs Mufeovy, by the Volga and Dwina, 
two rivers that traverfe the principal provinces of that vail 
empire. 

This new courfe of the Perfian filks into Europe was firfl 
propofed by Paolo Centurio, a Gciioefe, to the tzar Bazil, 
under the pontificate of Leo X. The French had the fame 
defign in 1628. The duke of Holfteiu, in 1633, fent am- 
bafiadors to the court of Perfia, purely with the lame view. 
And ill 1668, the tzar Alexis Michael attempted the thing 
liimfelf ; but be was difappointed by the rebellion of the 
Colfacks, and the furprife of Aftrakhan. 

In 1688, the commerce of Perfian filks had nearly 
been removed from Smyrna by an earthquake, which almoll 
overturned the whole city ; and, doubllefs, the removal had 
been effected, but for the vigorous means ufed by the Turks 
to prevent it. Smyrna, however, ftill remains in her an- 
cient poffeflion ; and the feveral nations of Europe continue 
every year to fend their fleet?, to fetch away the filks. 

Sji.Ks, China^ Japan, and Indian. Several provinces of 
China are fo fertile in mulberry-trees, and their climate is fo 
agwnble to the nature of filk-worms, that the quantity of 
filks there produced is incredible ; the fingle province of 
Tchehiang might fupply all China, and even a great part of 
Europe, with this commodity. The filks of this province 
are the moll efteemed, though thofe of Nankin and China 
be excellent. 

Tlie lilk-tradc is the principal in China, and that which 
employs the moll hands ; but the European merchants who 
deal in it, efpecially in wrought filks, are to be careful of 
the fpinning, 8cc. the walle being ufually very great, as the 
French Eaft India company have found to their coil. 

Japan would not afford fewer filks than China ; but that 
the Japanefe, a barbarous and diftruftful people, have in- 
terdided all commerce wuth ft rangers, efpecially with 
Europeans, excepting with the Dutch ; who are faid to be 
admitted on certain impious terms, related by Tavernier, 
but which, wc mult own, we cannot credit. The Dutch 
have endeavoured to vindicate themfelvcs from thefe by 
the pens of feveral famous writers. 

Great quantities of both raw and wrought filk are fur- 
uifhed by other parts of Bengal, and by feveral provinces of 
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Hindooftan, which partly fupply tlie natives, and afford a 
very confidcrablc exportation to Europe. Several thoufand 
bales of raw filk are annually imported from Bengal and 
China ; fomc of which is, in this Hate, ufed for making 
princes’ Huffs, but the greater part is prepared for thc^manu- 
fadlurcra by the filk-tlirowllers. 

Silk, Lanvs relating to. The duties on filks and callicocs 
being under the lame regulations with thofe on printed, 
linens, the law rcfpe^ling them is inlei ted under the article 
Linen. By the 13 & 14 Car. II. c. 15. f. 2. no perfon 
flial! exercilc the trade of a filk-tlirowfter, unlefs he hath 
fcTved feven years’ apprenliccihip, on pain of 40X. a month, 
half to the king, and half to him that lhall fuc in any court 
of record, or at the aflizes, or quarter-feflions of the peace. 
By 9 & 10 W. c. 43. no foreign filks, called alamodes or 
luicllrings, fiiall be imported but in the port of London, 
on notice firll given to the commiffioners of the cuftoms, and 
licence had from them, on pain of forfeiture, or the value ; 
and they fltall be fold, and exported again ; and the offender 
fo importing, and alio the receiver and perfon offering to 
fell the fame, lhall forfeit 500/. Being marked and fealed 
by order of the commiffioners, any perfon who fiiall coun- 
terfeit the cuftom-houfc feal, or that of the lutellring com- 
pany, fiiall forfeit 500/., and be fet in the pillory for two 
hours. And any perfon who fiiall buy and fell, and have 
in his cullody, any alamodes or luteftrings, fealed or 
marked with a counterfeit feal or mark, fhall forfeit the 
fame and 100/. 

However, none but cullom-houfc officers, or perfons de- 
puted by the lutellring company, and leaving writs of 
affiflance under the feal of the exchequer, (hall feizc lute- 
ftrings or alamodes within the bills of mortality. (5 Ann. 
c. 20.) The penalties fhall be two-thirds to the king, and 
one-third to him tliat fiiall feize or fuc in any court of 
record. 

By 3 Geo. III. c. 21. and 5 Geo. III. c. 48. if any 
perfon fiiall import any ribbands, lace«, or girdles, not 
made in Great Britain, whether the fame fiiall be wrought 
of filk alone, or mixed with other material*, the fame 
(hall he forfeited, and may be feized«by any officer of 
the culloms, in whatever importer^’, venders’, or retailers’ 
hands tliey may be found ; and the importer, and every per- 
fon aflifting therein, and the venders and retailers in whofe 
cuilody they fiiall be found, or who fhall fell or expofe the 
fame to fale, or conceal with intent to prevent the for- 
feiture, fhall forfeit refpeftively 200/., with colls. Half 
the faid penalties to be to the king, and half to the officer 
who fhall inform and profecute. 

But if any officer of the culloms fiiall negledl or refufe, 
for one month after condemnation, to profecute to cfi'e£l any 
perfon for any of the faid pecuniary forfeitures, any other 
perfon may fue for and recover the fame ; half thereof to go 
to the king in like manner, and half to him who fhall fue. 

And wnen the goods feized (being out of the limits of 
tlie bills of mortality) ftiall not exceed the value of 20/., two 
juftices, on information before them that fuch goods were 
feized, as unduly imported, may hear and determine the 
fame, and proceed to condemnation or difeharge. 

After feizure, until condemnation or difeharge, the faid 
goods (hall be depofited in one of the king’s warehoufes, if 
the feizure be witliin the bills of mortality ; elfew'here, in the 
hands of the chief magiftrate or con liable ; and the fame 
ihall be free to infpe6iion, with leave of the court, judge, or 
juftices, before whom the profecution (hall be. 

And after condemnation, the faid goods (hall be publicly 
fold by the candle for exportation ; half of the produce by 
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fuch fale to be to the king, and half to the officer who (hall 
feize and fecure the fame ; and the fame goods ffiall not be 
delivered out of the warehoufe, till fecurity fltall be given 
for exportation, and that the fame ffiall not he landed again 
in any part of his majefty’t: dominions. 

By 5 Geo, III. c. 48, if any foreign manufactured filk- 
ftockings filk-mitts, or filk-gloves, (hall be imported into 
this kingdom, or any part of the Britiffi dominions, the 
fame (hall be forfeited, and liable to be fcarched for and 
feized as other uncuftomed goods; and every perfon who 
ffiall import the fame, or be aflilling therein, and the ven. 
ders and retailers in whofe ciillody tliey ffiall be fomul, hr 
who fhall fell or expofe the fame to fale, or conceal with 
intent to prevent the forfeiture, ffiall, over and above the 
forfeiture of the goods, forfeit 200/., with coll- ; half to 
the king, and half to the officer who ffiall inform and pro- 
fecute. 

And when the goods fei/cd (being out of the limits of 
the bills of mortality) ffiall not exceed the value of 20/., 
two jutticcs may proceed to the condemnation thereof. 
And the proceedings, in all other refpeCl ?, (hall be in like 
manner as in the cafe of ribbands and laces above men- 
tioned. 

Silk, in Chrmi/fryt deferves notice on account of a pe- 
culiar fait, or cryilalline fubllaiice, obtained from it by the 
nitric acid. In its natural ftate, or before it is bleached, it 
contains a yellow refinous matter, from w'hich it derive*^ its 
fine golden colour. When raw lilk is infufed iu water, a 
portion of gummy matter is dillulved, and a light ambti*- 
coloured liquor is produced. Pure aleoliol exlracls a much 
deeper yellow colour, and makes a tindturc, that lofes none 
of its colour by long expofure to the fun, which bleaches 
the filk itfelf. Nitrous acid afts powerfully on filk, in 
proportion to its concentration. If two drachms of this 
acid are mixed with a pint of alcohol, and filk, either raw 
or bleached, be immerfed in it, and kept ii. digellion, in a 
moderate warmth, for tw^enty^four hours, the lilk becomes 
of a dull ycllowiffi-brown, which, after rinfiiig and w'affiing 
with foap, and drying, turns to a line golden yellow, which 
is very permanent. But when concentrated nitric acid is 
diftilled off filk, and the remaining liquor duly evaporated, 
much oxalic acid is obtained ; and the rofidue, if evaporated 
Hill further, yields, together with a little remaining oxalic 
acid, a quantity of yellow granular cryllals, very bitter, 
not acid, and ftaining the [<niva and hands of a very deep 
yellow, not cafily removed. If the liquor is previoufly 
faturated with potaffi, and evaporated, another yellow 
filky fait evaporates, which detonates on coals like common 
nitre, and appears to be a triple combination of the former 
bitter fubftance with nitrate of potalh. The lirll mentioned 
granular cryllals, examined with a magnifier, appear to be 
compofed of truncated o6lohcd;;ons. 

The above curious fiibllarice was difeovered by Welter, 
and called by him the “ bitter principle.^’ He luppofes it 
to be generally produced by the adtion of nitric acid on 
animal matters ; and it is perhaps the fame fubftance which 
caufes the bitternefs of bile. Aikin. 

The fpirit of raw filk, readied with fome elTential oil, is 
the medicine commonly known by the name of Gutu Angll- 
£an£i or Englilh drops. 

Silk, ^iV/rr. Within about a century the fecret has been 
found in France, of procuring and preparing filk from the 
webs of Xpiders ; and the ufmg it in fever al maiiufaaures has 
been attempted. This difeovery is owing to M. Bon, in 
1710, who publilhed a difl'ertation on the fubjea> whence 
w^hat follows is extraaed. 
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Spiders are ufually diftinguiflied, either with regard to 
their colour, as into black, brown, yellow, white, &c. 01 
with regard to the number, or arrangement, of their eyes ; 
fome having fix, others eight, others ten. But with regard 
to the filk-fpidcrs, M. Bon reduces them all to two kinds ; 
thofe with long legs, and ihofe with Ihort : which lall are 
thofc which furnilh the fincil raw filk. The filk-fpidcr 
makes a filk every whit as beautiful, gloiTy, and ftrong, as 
the filk-worm : it fpins it from the anus ; around which are 
five papillae, or fmall nipples ; and behind thefe, two others, 
all mufculour., and furnifhed with fphin 6 lcrs. Thefe nipplei^ 
ferve as fo many wire-drawing irorii., to form and mould a 
vifeous liquor, which, when dried in the air, after being 
drawn through llicni, makes the filk. Each of thefe nipples, 
M. Reaumur obferves, confifts of a number of Icfs and in- 
fenfible ones ; which one may be convinced of by preffing 
a fpidcr’s belly between the fingers, to oblige the liquor to 
flow into the nipples ; for by this means, applying the finger 
agiinfl the anir, fcveral diftinft threads w'ill he drawn x)ut 
through the fevcTal perforations of each nipple. The 
threads are too fine to be counted with any certainty ; but 
M. Reaumur reckons each larger nipple may fend forth a 
great many. 

Hei.ce we fee how the fpiders make their threads bigger 
or fmaller : for as before they begin to fpin, they always 
apply more or fewer of thefe nipples againil the body 
whence the web is begun ; or, as they apply each more or 
lefs llrongly ; fo, aa more or fewer of the minuter nipples 
come to take, the thread thus fpun will be a compound of 
more or fewer of the finglc threads. Indeed, as the threads 
come from the anus all joined together, they appear to be 
finglc; but M. Bon has diftinguiflied one of the fingle onei# 
to'conlitl of fifLccu or twenty dillindl threads. 

The threads are of two kinds ; the firft is weak, and only 
fervcH for that kind of web with which they catch flics. 
The fecond is much ftronger, and ferves to wrap up their 
eggs in ; wdiich, by tliis means, are fheltcrcd from the cold, 
as 'well as from iniV(fts, winch might otherwife gnaw and 
deftroy them. Thefe threads they wind very loolely round 
the eggs refombling the balls or bags of filk-worms, that 
have been prepated and loolened for the diftaft. 

The fpider-bags are of a grey colour, when new ; but 
they turn blackifh, w hen long expofed to the air ; indeed, 
one might find other (piders* bags of other colours, and 
w^hicb would afford a better filk ; but their fcarcity would 
render the experiment difficult : for which reafnn, We con- 
fine ourfelves to the bags of the mod common fpiders, wdiich 
are the fhort -legged kind. Thefe always find out fom« 
place, fecure froTii the wind and rain, to make their bags ; 
as hollow trees, tliecornerb of virindows, or vaults, or under 
the caves of houfes. 

By colleding a quantity of thefe bags, a new filk is made, 
inferior in nothing to tlie common filk. It takes all kinds 
of dyes, and may be made into all kinds of (luffs. M. Bon 
had dockings and gloves made of it, which he prefented to 
the Academy, and others to our Royal Society. 

For the manner of preparing the bags to get the filk, it 
16 thus: after having gathered twelve or thirteen ounces 
of thefe bag% M. Bon had them well beaten for fome time, 
with the hand, and a ftick, to get out all the dud ; lie then 
waffled them in lukewarm water, till they left the water 
very clean ; after this, he laid them to deep, in a large 
veifel, with loap, and faltpetre, and gum arabic. The 
whole was left to boil, over a gentle fire, for three hours. 
The bags were next wafhed in warm water, to get out 
the foap ; and after all, laid to dry fome days, to fit them 
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for cardinp^ ; which was performed by the common filk- 
cardtTB, but with cards much finer than ordinary. By this 
means, he had a filk, of a very particular aflt-colour, which 
was cafily fpun ; and the thread fpun from it was both 
jironger and finer than that of common filk ; which fltews, 
that all forts of works may be made of it ; nor is there any 
rcafon to fear, but it will lland any trials of the loom, after 
iia/ing pified that of the fiOcking-weavers. 

The only difficulty, now, is in procuring a fufficient 
quantity of fpider-bags to make any confiderable work of 
it ; which, M. Bow ohierves, would be no difficulty at all, 
had we but the art of breeding them, as we do filk-worms ; 
for they multiply much more ; every fpider laying fix or 
(even hundred eggs, whereas the filk-worms do not lay 
above one hundred ; yet are thefe lall fo tender, 5 cc. that 
one half die without making any bags, or are hindered, by 
fornc little accident, from making them ; whereas the fpiders 
hatch of tliemlelvcs, without any care, in the months of 
Auguil and Si^ptember, in fifteen or fixteen days after they 
are la’d ; tlie old fpiders that lay them dying foon after. 
The young ones thus bred live ten or twelve months with- 
out eating, and continue in their bags without growing, 
till the hot weatlicr, putting their vil'cid juices in motion, 
induces them to come forth, fpin, and run about to feck 
food. Were a method, therefore, found of breeding young 
Ipiders in rooms, they \fcould, doubtlt“fs, furnifh a much 
greater quantity of bags than filk worms do. For of feven 
or eight hundred young fpid .• s vvhieh M. Bon kept, liardly 
one died in a year ; whereas of one hundred filk-worms, not 
forty lived to make their hag-*. M. Bon, having ordered 
all the fhort -legged Ipidcr, that could be found in the 
months of Augult and September to be brought to him, 
iliut them up in paper coffins, a. id pot^ ; covering the pots 
with papers, which he pricked full of pin-holes, well as 
the coffins, to give them air. He fed them with flies, and 
found, lome time afterwards, tliat the greatcil part of them 
had made their bags. The fame ingenious perfon found, 
that fpider bags, with regard to their weight, afford 
much more filk than thofe of the filk-worms : as a proof 
of which, lie obferves, that thirteen ounces yield near four 
ounces of clear filk, two ounces of which will make a pair 
of llockings ; whereas llockings of common filk weigh feven 
or eight 

Nor IS there any venom in the filk, or even in the fpider, 
as many have imagined. M. Bon has been bit by them fc- 
veral tunes, without any manner of harm ; and as fot^ the 
filk, it is iifed with very good f iiccef^ to flop bleeding, and 
cure wmunds, the natural gluten of it :n.^iiig as a kind of 
balfam. It likewife yields, by didillation, fcvcral fpecific 
medicines, particularly great quantities of fpirit, and vola- 
tile fait, vviiich being prepared after the lame manner as 
that drawn from the bags of lilk-vvorms, in making the 
guttx Anglicanar, or Enghfli drops, at one time lo famous 
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all over Europe, may ierve to make other drops of greater 
efficacy, which M. lion calls drops of Montpelier, and ad- 
vifes to be ufed in all lleepy difeafes. 

M. Reaumur, being appointed by the Royal Academy 
to make a farther inquiry into this new filk work, has raifed 
lever al objedions and difficulties again ll it ; which are found 
in tlie Memoirs of the Academy for the year 1710. The 
1 urn of what he has urged amounts to this. The natural 
fiercenefs of the fpiders renders them unfit to be bred and 
be kept together; four or live thoiil'and being diftributed 
into cells, fifty in lome, one or two hundred in others, the 
big oneB foon killed and eat the lefs, fo that, in a fliort time, 
there' were fcarcely left one or tw^o in each cell ; and to this 
inclination of mutually eating one another, M. Reaumur 
aferibes the fcarcity of fpiders, confidering the vaft number 
of eggs they lay. 

But this is not all ; lie even affirms, that the fpider's bag 
is inferior to that of the filk-worin, both in luflre and 
flrciigth; and that it produces lefs matter to be manufac- 
tured. The thread ot the fpidcr’s web, he fays, only bcajs 
a weight of two grains without breaking ; and that of the bag 
bears thirty -fix. I’he latter, therefore, in all probability, 
is eighteen times thicker tlu'ii the former ; yet it is weaker 
than that of the filk-worm, which bears a weight of two 
drachms and a half : fo that five threads of tlie fpider’s bag 
muff be put together, to equal one thread of the lilk-worm’s 
bag. 

Now it is impolTiblc thefe fliould be applied (o juflly ovei 
one another, as not to leave little vacant fpaces between 
them, w'hencc the light will not be reflefted ; and of coii- 
fequence, a thread, thus compounded, muft fall ffiort of 
the luitre of a folid thread. Add lo this, that the I'pider’s 
tlircad cannot bv wound ofl, as that of the filk-wqrrn may, 
but mull of neceffity be carded j by w'hich means, being 
torn in pieces, its cvennefs, which contributes nuicli to its 
liiftre, is deltroycd. In cflc£f, this want of lullre was taken 
notice of by M. de la Hire, when the llockings were pre 
fented to the Academy. 

Again : fpiders furnifh much lefs filk than the worms : 
the largci'l bags of thefe latter weigh four grains ; the 
fn.aller, ilirec grains ; fo lint 2304 w^orms produce a pound 
of filk. The fpider-bags do not weigh abewe one gram ; 
yet when cleared of their dull and filth, they lofe two- 
thirds of their \veight. The wvirk of twelve fpiders, there- 
fore, onl) e([uals that of one filk-w^orm ; and a pound of filk 
will require al leail 27,648 fpiders. But as the bags arc 
wholly the work of the female^, who Ipin tliem to depofit 
their eggs in, there mufl be kept 55,296 ipiders to yield a 
pound of lilk. Yet wdll thi^ only hold of the belt fpiders; 
ihofc large ones ordinarily feen in gardens, See, fcarcely 
yielding a twelfth part of the filk of the others : 280 of 
thefe, he (hews, would not yield more than one nlk-w'orm ; 
663,552 of them w'oiild Icarccly yield a pound. 
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Silver, in the ArtSy Manufadures and Commerce^ and 
in Bomejltc Economy^ h a white malleable metal, fufceptible 
of a fine polifti. In Chmifiryi it is a fimple inflammable 
body. 

It is fometimes found in the native ttate, but more fre- 

! |uently combined with antimony, arfenic, or fulphur; 
orming the varieties of filver-ores; with which we (hall 
begin, and then proceed to the aflay and analyfis, phyfical 
properties, and chemical properties of filvcr. 

Silver-ores contain that metal either native, or alloyed 
with other metals, or mineralized by fulphur, and fome- 
times with the muriatic acid, the fulpWic acid, and in one 
rare inftance with the carbonic acid, 

Silver«ores principally occur in the rocks which have been 
denominated primary and tranfition rocks, and rarely in 
fecondary rocks; but many rich argentiferous lead-ores 
occur in alpine lime-ftone and fecondary ftrata. The ores 
of filver are accompanied by calcareous Ipar and fulphate of 
barytes, and fometimes with quartz, horn-ftone, jafper, and 
fluor fpar. It has been remarked, that the warmer regidns- 
of the globe afford the greatett quantity of gold, but the 
richell repofitories of filver are fituatcd either in high lati- 
tudes or in elevated regions. The moft celebrated filver- 
mines of Europe are in Sweden and Norway, at no great 
dillancc from the polar regions ; and thofe which are in 
warmer latitudes, are almoft all fituated near the fummits 
of alpine mountains commonly covered with fnow, as at 
Allcmont in France, and the mines of Mexico and Peru, in 
the centre of the Cordilleras. Silver never occurs, like 
gold, in alluvial foil, or the fands of rivers. After the 
mineralogical defeription of the ores, we (hall give a fhort 
account of the principal repofitories of filver at prefent 
known. 

Native Jllverf Argent natif of Haliy, poffefles the charac- 
ters of filver extrafted from other filver-ores, but is gene- 
rally Icfs malleable. The colour is pure white, but the 
furface is commonly tarnifhed, and is of a yellowifh-brown 
or grcyi(h-black. Native filver occurs cryftallized in 
cubes and oftohedrona ; the cryftals arc fmall, and are often 
aggregated, forming beautiful ramifications ; the branches 
fometimes crofs each other in a reft angular direftion, and 
are reticulated. It is fometimes in leaves and fometimes 
capillary, and when the filaments are much entangled, it 
becomes nearly compaft. Native filver is alfo found in 
(hapelefs malles of confiderablc fize. In the year 175^ 
there was found in the famous mine of Hcmmels Jurft, near 
Freybcrg, in Saxony, a mafs of native filver, which 
weighed one hundred weight and a quarter; in 1771 an 


equally large mafs was found. It is alfo mentioned by 
Albini, in his “ Meiffnifche Berg Arconicke,^^ p. 30, that 
at Schneeberg, m 1478, a rich filver vein was difeovered , 
and fo large a block of native filver cut out, that duke 
Albert of Saxony defeended into the mine, and ufed this 
large block as a table to dine upon. It was fmelted into 
four hundred centners of filver: a centner is nolbs.*^ 
(Jamefon’s Mineralogy.) Native filver is fufible into a 
globule, which is not altered by a continuance of the heat : 
it 18 fcarccly ever pure : the metals with which it is alloyed 
are commonly gold, copper or arfenic, and iron. Native 
filver alloyed with gold is rare ; its colour is intermediate 
between filver-white and brafs-ycllow ; it often contains a 
confiderable proportion of gold. The (tones which form 
the matrix of native filver in the mine are very numerous ; 
it fometimes appears to be infiltrated into the liffnreB, fome- 
times to vegetate on the furface, and in other inftances to 
be intimately combined with the fubllance of the (lone. 
It is found in almoll all the filvcr-mines that arc worked 
in Europe or America; but the maffes dilcovered in 
America are not fo large as fome wliicli have been found 
in Europe. The pacosf a molt abundant ore in Peru and 
Mexico, confilb of minute particles of native (ilver, inter- 
mixed with brown oxyd of iron ; but the particles arc too 
fmall to be feen without a lens, and bear but a very fmall 
proportion to the mafs. Silver rarely occurs in detached 
grains, like gold or platina. 

Antimonial filver^ore is compofed of filver combined with 
antimony, without any other fiibfiancc. Its colour is tin* 
white; it has a (hining metallic Iiilfrc, which is often tar- 
ni/hed fuperficially reddilh or ycUovvi(h. It is di(lingui(hed 
from native filver by its brittlenefs, being fcarcely malleable: 
the llruAure is lamellar. It is commonly found cry (lalli zed 
in four-fided and fix-fided prifms, having the fides deeply 
ftriated: its fpecific gravity is from 9.4 to 9.8. It melts 
cafily before the blowpipe, giving a white fmoke from the 
oxyd of antimony, and leaving a globule of filver. Its 
conftituent parts are from .76 to .84 filver, and from 16 to 
24 of antimony. Antimonial filver is rare, particularly 
the regular cryflallizatioiin of it. It occurs in veins with 
calcareous fpar and fulphate of barytes, and is accompanied 
by gilensi and native filver. The foliated ftni£Iure of anti- 
monial filver diilinguifhes it from white cobalt-ore, which 
has a granular itruCture ; it differs alfo from arfenical pyrites, 
iboth by its ftrudure and foftnefs ; the latter is extremely 
hard. Antimonial filver yields to the knife. 

Arfinkal fther-ore is harder than the former ipecics ; its 
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ftruAure is lefs perfeAly lamellar, the frafture more even, 
and the luftrr weaker. It occurs in fmall, globular, and 
kidney-fhapcd maffes ; before the blowpipe it vields the 
finell of garlic, peculiar to arfenic j a globule of lilver more 
or lefs pure remains. The conflituent parts of this ore are 
given by Klaproth as under ; 

Silver - - 1 6 

Arfenic - - 35 

Iren - - 44 

Antimony - - 4 

Arfenical filver-ore ufually occurs with native arfenic ; 
dark red iilver-ore, brittle iilver-glance, lead-glance, and 
brown blende, in calcareous fpar. It is a fcarce mineral. 

Cprnews Jilver-orcs or Horn-ore; jirgent muriaie, Fr. 
This mineral is dillinguilhed by its tranllucency ; it has a 
waxy or gliftening luiire, is foft and tenacious, and yields 
to he nail. From thcle charaAcrs it is fuppofed to bear 
feme refembhnee to horn, whence its name. The moft 
common colours of this mineral are pearl-grey, paffing ^nto 
greemfh or reddifh-blue or brown ; it acquires a brownifh 
tarnifh. Horn-filver occurs cryitallized in fmall cubes, and 
is fometimes, though rarely, acicular and capillary : it is 
more commonly in laminx or fmall mafies, or forms a coat- 
ing bn native ulver. It is fiifible in the flame of a candle. 
Under the blowpipe, on charcoal, it yields a globule of 
lilver, and gives out a difagreeable odour, from the efcape 
of the muriatic acid. Its Ipecific gravity is from 4.75 to 
4.80. Horn filver-orc is accompanied with native lilver, 
black filver-ore, brown oyxd of iron, quartz, and fulphate of 
barytes. It is fuppofed by fome mineralogifts to be the 
moft recent formation of filver-ore. It occurs in veins in 
the filvcr-mines of Europe and America, and in Siberia, 
and is obferved generally to occupy the upper part of the 
vein. According to Klaproth, it confifts of 68 parts filver, 
21 muriatic acid, a fmall quantity of fulphuric acid, with 
a portion of iron and earthy fubftances ; but the latter 
may be confidered as accidental. Horn-filver is rather a 
fcarce mineral. 

Vitreous Jiher-ore; Siher-glance, or Julphuretted fther ; 
Gh/er%^ Werner ; Argent fulfur'e^ Haiiy. Its colour is 
a dark lead-grey ; it is malleable, and may be cut with a 
knife ; the furface, when cut, is Ihiniiig, and has 1 metallic 
luftre ; in its natural ftate it has often an iridefeent tarnilh. 
It occurs in a variety of forms, in branches, fibreSy fmall 
irregular mafies, and laminvc, and is alfo frequently cryftal- 
lized ; the cryttals are commonly the cube or oAohedron, 
and the dodecahedron, with rhomboidal faces; the frac- 
ture is flatly conchoidal. The fpecific gravity of this ore 
is from 7.0 to 7.2 : its conflituent parts are from 73 to 85 
filver, and from 15 to 25 of fulphur. When raifed to a 
red heat, the fulphur is gradually fublimed, and the filver 
appears in filaments, dendritical or reticulated. Many 
mineralogifts fuppofe that capillary native filver owes its 
formation very frequently to a fimilar kind of decompofition 
of vitreous filver-ore. This mineral occurs in veins, ,and is 
always accompanied with other ores of filver, and with 
galena, iron pyrites, brown blende, fulphate of barytes, cal- 
careous fpar, and quartz. It is found in almoft all filver- 
mines in various parts of the globe. 

Brittle vitreous Jilver-ore ; Shrod glafer%y Werner; 
gent nolr, Haiiy ; differs from the former by its brittleneli, 
fplcndour, and colour. The colour is intermediate between 
iron-black and dark lead-grey ; it is brightly fplendent ex- 
ternally 5 internally it alternates from Ihining to gliftening ; 
the luftre is metallic. It occurs maifive and diffeminatcd, 
and in thin fmall plates, and frequently cryftallized 
fided prifms, varioufly tteminated, and in reftangular tour- 
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Tided tables : the latter cry flats frequently inteii*e6l each 
other, forming the cellular uruAurc. The tabular cryilals 
are generally minute. The fra6iure of the maifive vitreous 
ore ie uneven ; that of the cryttals imperfedly conchoidal* 
This ore is foit, brittle, and nifible by the blowpipe ; the 
fulphur, arfenic, and antimony, arc partly volatilized, and 
a globule of imperfedly malleable filver, accompanied with 
a brown fcoria, remains. According to Klaproth, the 
brittle vitreous filver-ore, from a mine near Frcybcrg, 
contained 


Silver 

66. CO 

Sulphur - 

12 

Antimony 

10 

Iron 

5 

Copper and arfenic 

0.50 

Earthy matter - 



Black Julphuretted Jilver-ore ; Sllher Jchwarzt Werner; 
differs from vitreous filver-ore by its want of luftre : it 
occurs maflivc, corroded, and in powder: the fradure of 
the former is uneven ; the ftreak fliining and metallic. It 
yields to the knife, and is fufible into a flag, containing 
globules of filver. 

Redjilver-oref or Ruhy filver; Roth giltigerXf Werner; 
Argent rouge ^ and Argent antmonie fulfure^ Fr. The co- 
lours of this mineral are various (hades of red, pafiing from 
a bright-red to dark-red, and reddifti-grey or black. iVhen 
feraped, the powder is of a crimfon colour. The cryftal- 
lized varieties arfc tranfiucent, or femi-traiifparent, and the 
tranfmitted light is a carmine, light blood, or cochineal-re4- 
It occurs maifive, difl'eminated, and in thin plates, and 
cryftallized in Hexahedral prifms, varioufly terminated, and 
in dodecahedrons, with triangular faces, nearly fimilar to 
the cryftallization of calcareous fpar, called dog-tooth fpar. 
The primitive form of the cryftal, according to Haiiy, is 
an obtufe rhomboid, whofe plane angles are 104° 28' and 
73® 22^ and the inclination of the faces 109® 28^ and 
70® 32^ The fraAure is ufually uneven, and imperfedly 
conchoidal ; its luftre externally is (hining and metallic, 
internally glimmering, fometimes metallic. It is brittle, 
foft, yielding eafily to the knife. Before the blowpipe 
it gives out a copious fmoke, with an arfenical fmell, and 
leaves a globule of filver. Its fpecific gravity is about 5.6. 
There are fcvcral minerals which have a red colour, and 
may at firft fight be confounded with red filver, as the lul- 
phiiret of arfenic, or realgar ; but this mineral becomes 
yellow when powdered. Cinnabar has a greater refem- 
blance, but the fpecific gravity is 7, and it is entirely vola- 
tilized by the blowpipe. Red oxyd of copper has a 
fpecific gravity of 3,9, and is ufually accompanied with 
native copper, malachite, and brown iron oclire ; it alfo 
effervefees with nitric acid, and communicates to a folu- 
tioii of ammonia a blue colour. By thefe charaffers it 
may be known from red filver-ore, * Werner has divided 
red filver-ore into two fub-fpccies, the light and the dark. 
Klaproth analyfed this mineral, and found it to contain 
only filver, fulphur, antimony, and oxygen. Prouft has 
(hewn that there are two kinds of rod filver-orc, the one 
containing arfenic, and the other antimony. The confti. 
tuent parts, as given by Klaproth and Vauqueliu, are 


Klaprotl.. 

Vauquelin. 

Silver 

60 

54-*7 

Antimony 

20.3 

16.13 

Sulphur • 

11.7 

' 7*75 

Oxygen - 
Sulphuric acid 

8 

11.85 



According to the analyiis of Prouft, a variety of this ore 
contained nearly ,75 part» of nietallic lilver, and .25 of 
metallic arfenic. Red filver-ore occurs in veins, but is 
always intermixed with other minerals, particularly with 
compaft galena, cobalt, fulphuret of arfenic, native arfenic, 
grey copper-ore, and fparry iron-ore ; and has a matrix 
of calcareous fpar, fulphatc of barytes, floor fpar, or quartz. 
It is a common ore in filver-mines, both in Europe and 
America : the dark -red ore is confiderably more produd^ive 
than the light-red. 

Silver amalgam confitts of pure filver combined with mer- 
cury. It has been found in the filver-miiie of Salberg, in 
the province of Dalecarlia, in Sweden, in the mines of 
Deux-Ponts, in the Palatinate, and in fome other places, 
either in thin plates or grains, or cryftallized into odtohe- 
drons and dodecahedrons. It is fometimes femi-fluid. Its 
colour is lilvcry- white or grey, the fra6ture conchoidal, and 
the Ittftre metallic. It is foft, breaks when cut, and whitens 
the furfacc of gold or of copper ; when rubbed upon them 
warm before the blowpipe the mercury evaporates, and 
leaves the filver pure. The conftituent parts, given by 
Klaproth, are 

Silver 3^1 

Mercury - . - - 64 

White filver ore has a near refemblance to compaA galena. 
The colour is a light lead-grey, pal&ng to fteel-grey ; it 
occurs malilve and difleminated, and is generally intermixed 
with cubic galena. The fradlure is moft commonly even, 
but fometimes fine-gained and uneven, and alfo fibrous ; 
the internal luftre is gliftening and metallic ; the Itreak 
Alining. It isfoft and brittle. The fpecific gravity is 5.3. 
Some mineralogifts think this ore fliould be clafl'ed with the 
argentiferous ores of lead. According to Klaproth, dif- 
ferent fpecimens from Hemmcls Furft, near Frcyberg, 
contain, of the 

Dark-white filver-ore. Light-white filver-ort 
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48 

Silver 
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20.40 

Antimony - 
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Iron 
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2.25 

Sulphur 

22.0 

12.25 
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I.O 

7 
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0.75 
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Carbonate of Silver . — This ore has hitherto been only dif- 
covered in the filver-mine of Winceflaus, in Swabia : it 
occurs fometimes in mafles, and fometimes difleminated 
through other minerals. Its colour is a greyifh-black ; 
its fra6ture uneven, with a gliflening metallic lullre ^ it 
is brittle and heavy, and effervefees with acids ; it melts 
eafily under the blowpipe. According to Mr. Selb, who 
firft deferibed this mineral, it contains 

Silver - - . . 72,5 

Carbonate of antimony - 17.5 

Carbonic acid - - - 12 

It contains alfo a flight trace of copper. 

Befides the above ores of filver, there are ores of other 
metals which contain a portion of filver, and have been 
clafled by fome mineralogifts with filver-ores. An argenti- 
ferous variety of grey copper-ore, of an iron-black or fteel- 
grey colour, has received the name of black filver-ore. It 
occurs roaffive, difleminated and cryftallized in tetrahe- 
drons ; the fracture is fmall conchoidal, with a fliining me- 
tallic luftre ; it is feAile and brittle. An ore which is a com- 
bination of lead, bifmuth, and filver has received the name 
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of bifmuthic filver. Its colour is a light lead-grey : it oc« 
curs difTeminated, but rarely ever in mafles ; the fradure is 
fine-grained, uneven, with a gliftening metallic luftre ; it is 
foft and rather brittle ; before the Idowpipe metallic glo- 
bules appear on the addition of borax, wnich unite ; the 
button is brittle, and of a tin-white colour ; the flux ac- 
quires an amber colour. According to Klaproth this ore 
contains 
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• 

. 

33 

Bifmuth 

- 

• 

27 
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Sulphur 
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- 
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Argentiferous lead-ores are common in Great Britain and 
in various parts of Europe. Many of thefe ores are not 
fufficiently rich to repay the ex pence of extracting the filver. 
It is procured in confiderable quantities in North Wales, 
the north-weft parts of Yorkfliire, and in the counties of 
Durham and Northumberland. Indeed, many lead-ores in 
thefe counties contain a much larger portion of filver than 
the average proportion of that metal in the ores of Mexico 
and Peru ; but mineralogifts do not clafs them with filver- 
ores. 

Silver Mines in Great Britain . — Silver-ores, properly fo 
called, arc of rare occurrence in our ifland. A few years fince, 
a vein of filver was worked with great profit in the parifli of 
Alva, in the county of Stirling, in Scotland. The ores were 
native filver, and vitreous filver-ore. From forty to fifty thou- 
fand pounds fterling value was ext rafted before the ore was 
exhaufted, after which the fearch to recover the vein proved 
fruitlefs, and fince that time no filver-mines have been worked 
in that country. The filver-ores at Alva were accompanied 
with copper, lead, and cobalt-ores, with a matrix of calca- 
reous fpar, and fulphate of barytes. It is fuppofed by Dr. 
Millar that the veins traverfe rocks of argillaceous por- 
phyry. 

Cornwall and Devonihire yield the richeft argentiferous 
lead-ores of any part of Great Britain ; * but the quantity 
of thefe ores is fmall. In the former county a fmall quan- 
tity of native filver, with other filver-ores, have been occa- 
fionally found. We have been favoured with the following 
account of the prefent Hate of the filver-mines in thefe 
counties from Mr. Mawc, author of Travels in Brazil, who 
vifited them in the fummer of 1815. 

From the lead-mines of Bcn-Alllen, in Devonfliire, a 
large quantity of filver has been extrafted. The vein is 
fituated in Itllas.. (fee Slate,) and is filled chiefly with 
fluor fpar and galena. It has been worked to the depth of 
110 fathoms : the filver extrafted from the north and fouth 
vein averages about 70 ounces to the ton of lead. Another 
vein, running in a more eafterly and wetterly direftion, 
fituated in the fame killas, produces 1 70 ounces of filver in 
the ton of lead. The vein is worked under the river Tamar. 
Thefe mines are of confiderable importance ; during the laft 
fix weeks, the filver extrafted from the lead procured here 
exceeded fix thoufand ounces. The works are extenfive, 
and faid to be well condufted. 

About four miles to the fouth-eaft of Callington is a 
filver-mine of another defeription : the vein is fituated in a 
fimilar rock of killas or chlorite flate. The vein was 
worked for copper, but native filver and lead-ore were difeo- 
vered in it. The mine is called Huel Jewel i the thicknefs 
of the vein rarely exceeds three or four inches. In many of 
the cavities were found a confiderable quantity of capillary 
native filver, with galena, red filver-ore, ana fulphuret of 
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fiher. The ore« were exceedingly rich, and promifed at one 
time an ample recompence to the adventurers. 

The Hurland copper-mine, near Redruth, has produced 
a confiderable quantity of native filver in a fmall vein, 
branching from the principal vein. Some of the fibres of 
iilver were more than four inches long. 

There is a lead-mine near Truro worked at this time, 
and a confiderable quantity of filver is extrafted from the 
lead, as it yields loo ounces ton. 

Near Peranzabula, on the north coaft of Cornwall, there 
was a mine formerly worked clofe to the fea, which produced 
lead'Orca in various ftates, and a portion of horn-filver, fine 
fpccimens of which are in various cabinets. Mr. Mawe 
found fome fpecimens of this rare mineral among the refufe 
of the mine. 

At Comb-Martin, in North Devon, are fome lead-mines, 
which were formerly celebrated for the filver, but at pre- 
fcnt they are not produftive. 

Argentiferous lead*ores are the common lead-ores of the 
northern counties and of Wales ; they vary in the quantity 
of filver they contain, from a few ounces to 40, 60, or 80 
ounces of filver per ton. Some few rare initances have oc- 
curred in the north-well part of Yorkihire, of their ex- 
ceeding the latter amount. On the average, the argenti- 
ferous lead that is calcined to extract the filver does not 
contain 20 ounces per ton : by fome it has been Hated at 
17 ounces. 

According to Lehman, there are no known lead-ores in 
the world but what contain filver, except that of Villoch, in 
Carinthia. (Lehman fur les Mines.) But according to Dr. 
Watfon, the quantity of filver necefl’ary to defray the expence 
of extracting, and the lofs of lead, was nine ounces per ton, 
when lead was at the price of 1 5/, ^er ton. The price of 
lead is now 26!, per ton, and though lilver be alfo adv^inced, 
yet the difference in the relative prices of each, Caking the 
above as a llandard, is fuch, that to repay the expcnce of ex- 
traction, the lead fhould contain about fifteen ounces of filver 
in every ton. 

It is not to be expeCted that the proprietor of any lead- 
mines rich in filver fheuld be forward in declaring to the 
world the quantity of filver they contain. The proprietor 
of the lead-mine containing filver may indeed wort the fame 
without any apprehenfion of its being taken from him under 
the pretence of its being a royal mine ; yet the crown, and 
perfons claiming under it, fiave the ^hl of pre-emption 
of all the ore which may be raifed. There was an aCl of 
parliament paffed in the fixth year of William and Mary, 
entitled, An aCt to prevent difputes and controverfies concern- 
ing royal mines. This aCt declared, that every proprietor of 
a mine of copper, tin, iron, or lead, fhould continue in pof- 
feflion of the lame, notwithitanding its being claimed as a 
royal mine, from its containing filver or gold ; but it is fur- 
ther ena^ed, that the crown, or perfons claiming under it, 
fhould have the privilege of purchafing all the ore which 
fhould be raifed out of fuch mine, at the following prices, 
when made clean and merchantable : for copper-ore, at the 
rate of 16/. ton ; for tin-ore, except that of Devonfhire 
and Cornwall, 401.; for iron-ore, 4ar.; and for lead-ore, 9/. 
The llandard price then fcxed, particularly for lead, was 
much higher than the ordinary price of the ore in which 
there was no filver. Owing to the exiftence of this aft, it 
is probable that we are not acquainted with the quantity of 
filver at prefent extrafted annually. We are informed, that, 
the value of filver produced by the lead-mines of colonel 
Beaumont, in Northumberland and Durham, is not lefs than 
4000/. Iterling per annum ; and other large proprietors alio 
rxtraft a connderable quantity of filver from the lead-ores 10 
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the northern counties. At prefent we believe that there it 
no lilver extrafted from the Derbylhire lead-ores. 

It appears from Hollingfhed’s Chronicle, that filver was 
formerly extrafted from lead in various parts of the ifland. 

In the reign of Edward I. 1600 pounds weight of filver was 
obtained in the courfe of three years, from a mine in Devon- 
fhire, which had been difcovered towards the beginning of 
his reign : this mine is called a filver-mine by the old writers, 
but it appears to have been a mine of lead that contained 
filver. The lead-mines in Cardiganfhire have at different 
periods afforded great quantities of filver : fir Hugh Mid- 
dleton is faid to have cleared from them two thoufand pounds 
per month, and to have been enabled thereby to undertake 
the great work of bringing the New River from Ware to 
London. The fame mines yielded, in the time of Charles 1 . 
eighty ounces of filver in every ton of lead, and part of the 
king's army was paid with this filver, which was minted at 
Shrewfbury. Sir J. Pettie’s Effay on Metal. Works. 

A mint for the coinage of Welfli filver had been previoufly 
eitablifhed at Aberyflwith ; the indenture was granted to 
Thomas Bufhel, for the coinage of half-crowns, fhillings, 
fixpences, twopences, and pennies, and the monies were to 
be Itamped with the oltrich feathers on both Tides. In 1604 
nearly 3000 ounces of this Welfli bullion were minted at one 
time at the Tower. Webfter, in his Hiftory of Metals, 
publifhed in 1671, makes mention, from his own knowledge, 
of two places in Craven, in the Well Riding of Yorkihire, 
where formerly good argentiferous lead-ore had been pro- 
cured. One of the places was Bronghite Moor, in the parifh 
of Siaidburn ; the ore held about the value of 67 pounds of 
filver in a ton : the other was at Skeikhorn field, in the parifh 
of Gifburn ; it had formerly belonged to a perfon of the 
name of Pudfey, who is fuppofed to have coined it, as there 
were many fliillings in that country which the common peo- 
ple called Pudfey fhillings. There are feveral fmelting- 
houfes at Holywell, in Flintfliire, where filver is extrafted 
from lead. According to Mr. Pennant, at one of the 
largelt of thefe houfes in the year 1754, more than i*,ooo 
ounces of filver were produced, but in thi lubfequent years 
the quantity of filver appears to have confid. . ably diminiflicd. 
The filver extrafted from lead is fold principally to the ma- 
iiufafturers at Sheffield and Birmingham. 

The filver is extrafted from the lead by the oxydation of 
the latter metal ill a reverberatory furnace of a particular 
conllruftion, for the admiffion of air on the furface of the 
lead in a Hate of fufion. 

A fhallow veffel or cupel is filled with prepared fern-alhes 
rammed down, and a concavity cut out for the reception of 
the lead, with an opening on one fide for the mouth of the 
bellows, through which the air is forcibly driven during the 
procefs. The Fr6nch fmelters cover the furface of the alhes 
with hay, and arrange fymmetrically the pieces of lead upon 
it. When the fire is lighted, and the lead is in a ftate of 
fufion from the reverberation of the flame, the blall from 
the bellows is made to play forcibly on the furface, and in a 
fhort time a cruft of yellow oxyd of lead, or litharge, is 
formed, and driven to the fide 0/ the cupel oppofitc to the 
mouth of the bellows, where a tballow fide or aperture is 
made for it to pafs over ; another cruft of litharge is formed 
and driven q/F, and this is repeated in fuccefli<*n till nearly 
all the lead has been converted into litharge and driven off. 
The operation continues about forty hours, when the com- 
plete reparation of the lead is indicated by a brilliant luftre 
on the convex furface of the melted mafs in the cupel, which 
is occafioned by the removal of the laft cruft of litharge that 
covered the filver. The French introduce water through 
a tube into the cupel, to cool the filver rapidly and prevent 
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)t8 fpirting out, which it docs when the refrigeration is gra- 
duj, owing probably to its tendency to cryltallize. In 
England the filver is left to cool in the cupel, and fomc in- 
convenience is caufed by the fpirting, which might be avoided 
by the former mode. 

The filver thus extrafted is not fufficiently pure ; it is 
again refined in a reverberatory furnace, being placed in a 
cupel lined with bone-afhes and expofed to a greater heat : 
the lead which had efcaped oxydation by the firft procefs is 
converted into litharge, and abforbed by the afties of the 
cupel. 

The lalt portions of litharge in the firft procefs are again 
refined for filver, of which it contains a part that was driven 
off with it. The litharge is converted into lead again, by 
heating it with charcoal ; part is fometimes fold for a pig- 
ment, or converted into red lead. The lofs of lead by this 

J irocefs differs confiderably, according to the quality of the 
ead. The litharge commonly obtained from three tons of 
lead amounts to 58 hundred weight ; but when it is again 
reduced to a metallic ftate it feldom contains more than 52 
hundred weight of lead, the lofs on three tons being about 
eight hundred weight. The Dutch are faid to extra£i the 
filver from the fame quantity of lead, with a lofs of only fix 
hundred weight. 

Siher^Minesof France , — Themineof Allcmont, ten leagues 
from Grenoble, in the department of I fere, is fituated near 
the fummit of a mountain, compofed of thin beds of mica- 
date and hornblende, curioudy contorted and broken. Its 
elevation is about 3000 yards above the level of the fea. 
The veins are numerous, and run in all direftions : the mine- 
ral appears to have filled alfo numerous fiifurcs in the rock. 
The ores are native filver, vitreous filver, red lilver-ore, and 
horn-filver. Silver appears alfo diii'eminated in a kind of 
ferruginous clay, and is accompanied with various ores of 
cobalt, antimony, arfenic, and nickel. The matrix was 
ferruginous clay and carbonate of lime, mixed with afbeflus, 
epidote, and calcareous fpar. The veins were much richer 
near the furface than at a great depth, and the working of 
this remarkable mine is at prefent nearly abandoned. Red 
filver-ore has alfo been found in tlie Vofges, in the depart- 
ment of the Upper Rhine, in a vein of argentiferous copper- 
ore. Indications of filver have been traced in other difiri^U 
of France. The lead-ores of fome parts of France are alfo 
fufficiently rich in filver to repay the expcnce of cxtradlion. 

The Jilver-mines of Spain are the moft ancient known in 
Europe. It appears^ as well from the accounts of hiftorians, 
as from the numerous veftiges of ancient workings, that the 
operations were carried on to a confiderable extent. The 
moil remarkable mine was that at Guadalianel, in Andalufia, 
in the Sierra Morena, five leagues to the north of Seville ; 
the ore which it contains is the red or ruby filver, in a matrix 
of compa£l galena. Since the difeovery of South America 
no attention has been paid to the mines of Spain, though 
formerly fo productive both of filver and gold. 

Germany . — The mining difiri^ of Freybei^, in Saxony, 
contains numerous veins that yield filver. The veins that 
traverfe rocks of gneifs are generally compofed of quartz, 
calcareous fpar, and fluor fpar ; they inclofe argentiferous 
lead, vitreous filver-ores, ruby filver, and grey argentiferous 
copper-ore. The mine at Annaberg, according to Klaproth, 
contains muriate of filver (horn-ore) mixed with much clay, 
which is imbedded in compaCt lime-ftone. The mines of 
Schneeberg, in Mifnia, and of Hartz, in Hanover, contain 
argentiferous lead, accompanied with proper filver-ores. 

Hungary . — ^The mines of Schemnitz and Cremnitz, in 
Hungary, have been long celebrated, both for the richnefs 
of their produCUons and the immenfe extent of the opera- 
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tiont. The rocks in which the mining operations are ewe* 
ried on, are deferibed as being compofed of an argillaceous 
grey-flone, mixed with quartz or fcnorl, or particles of cal- 
careous fpar. To this rock baron Born has given the name 
of the metalliferous rock, faxum metalliferum : it is deferibed 
by him as containing three principal veins, running from 
north to fouth, and parallel with the river Gran, fofiowing 
even the windings of the river. From this circum (lance we 
fhould infer, that the river itfelf had originally taken the 
courfe of a frafturc by another vein. The dip or inclina- 
tion of all the veins is from well to ead, varying from 30 
to 70 degrees. In one part of the vein, called the fpitaler 
veWi it is joined with an argillaceous white vein, which runs 
along with it on the hanging fide, and from the place of 
junction the vein is found to contain filver. In this white 
clay are occafionally found nodules of fpar and maffes of 
quartz, which yield from four to five ounces of filver in the 
hundred weight. The fecond great vein at Schemnitz has 
nearly the fame charadlers as the firll. The third great vein 
is more irregular in its inclination, and the ores are not fo 
rich in filver, but in fomc parts it contains a confiderable 
quantity of gold. 

Some notion may be formed of the extent of the mining 
operations at Schemnitz, from the gallery or level called the 
Emperor Francis’ Gallery, by which the whole of the 
royal mine is drained and cleared of water. This gallery, 
which forms a very confiderable excavation, and is carried 
through hard rock, was a work of immenfe labour and dif 
ficulty ; it is five Englifh miles in length : it was begun in 
1748, and finiftied in 1765. 

The mountains round Kremnitz, according to baron Born, 
arc conipofed of the fame metallic rock already deferibed ; 
but according to Patrin, they confifl of primitive trap. At 
thh place very extenfive operations, which were begun at 
lead a thoufand years ago, have been eitablifiied on a large 
and rich gold vein, and fome of its branchei. The rock is a 
wliite fohd quartz, mixed with fine auriferous red and white 
filvcr-ore, and with auriferous pyrites. At the depth of 160 
fathoms, the vein continued rich and produ£live. 

Konigfberg is another mining-town of Hungary, fomc 
miles to the north-well of Schemnitz, The valley in which 
this place is fituated is hounded on one fide by the fame kind 
of metallic rock, and on the other, towards the north, by 
granite mountains. In the royal mine, at the time it was 
vifited by baron Born, the vein was obferved to run between 
the metallic rock, which formed its hanging fide, and thegra 
nite, which was its hading or lower fide. The vein it grey 
quartz, mixed with auriferous pyrites. The firft fleam or 
fire-engine eftablifhed in the Lower Hungarian mines waK 
ercAed at Konigfberg, in 1725, by Ifaacrorter, an Eng- 
lifli engineer, who w^as then in the imperial fervice, 

Bohemia . — The circle of Saatz, in Bohemia, abounds in 
various metallic ores, among which the ores of filver occa^ 
fionally predominate. The prevailing rocks are gneifs and 
argillaceous fchiftus. The veins at Catharineherg traverfe 
gneifs, and generally run in a north and fouth diredion, and 
parallel to the mountain in which they are fituated. But 
there are alfo fome powerful veins which crois the mountain. 
One of this nature is deferibed, which feems to be infenfibly 
blended with the mountain rock. The vcin-ftone is alfo of 
the fame kind of rock, but occafionally affuming the cha- 
ra6lcr8 of a variety oif granite. It is obferved, that the 
vein, which feldom exceeds a foot in width, diminifhes in 
thicknefs when the containing rocks become harder ; and 
when the Tides are found incrufled with a ferruginous clay, 
it appears to be richer in ores. Fiflures from the fides of 
the vein are found to improve it ; a fine white clay, with 
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quartz imbedded in it, indicates rich ore ; but a coarfe clay» 
deftitute of quartz, cfpccially when it increafes in quantity, 
and occupies the whole vein, renders it unproductive, or 
entirely barren. The ores of the vein now defcribed arc 
rich filver and copper pyrites, with fluor fpar, blende, various 
copper-ores, and fometimes native filver and copper. 

Joachimfthal^ a place in the fame circle, has been long 
celebrated on account of its valuable mines. The prevailing 
rocks are defcribed as grey micaceous and quartzofe clay- 
Hate, which at a great depth became more of an argillaceous 
nature, foft, foliated, and of a black colour. The mountains 
around this place have a gentle declivity towards the foutb, 
but run in h>fty ridges to the calt, north, and wett, and are 
interfered by deep vallies. This inequality of furfacc af- 
fords great accommodation to the miners to open numerous 
galleries, which converge to the fouth, and to the valley in 
which ftands the town of Joachimlihal. All the galleries 
and works of this dillrir are divided into fix different fields, 
belonging to tic fame number of companies, and they are 
drained by two deep drifts or levels ; the one of which runs 
in a direct line 1600 fathoms; but including its feveral 
branches, its whole length is 4500 fathoms. The depth un- 
der the higheft tops of the mountain is 1 70 fathoms : the fe- 
cond great level, which runs through the fpacc of c6oo 
fathoms, and in a dirc6l line 1500 fatlioms, is 20 fathoms 
deeper than the firft ; but the operations in the mines liave 
been carried to a much greater deptli ; for at the time in 
which they wore vifited by Fcrber, before I774> the perpen- 
dicular depth under the furface was from 200 to 350 fathoms, 
and, excepting the mines in the Tyrol, were then confidered 
as the deepelt in tlie world. 

The thicknefs of the veins varies from one inch to two 
feet ; and the vein-ftones are a whitifh or blueifii clay, ar- 
gillaceous Hate, and reddifh horn-llonc, or petro-filex, wbich 
18 the matrix of the richeft ores. The filver-ores which are 
found in this mining diltridt arc, native filver, which is at- 
tached to different vcin-ltones, and affumes various forms ; 
vitreous filver-orc, which is dug out fometimes in very large 
mafles, and is confidered a*: a very rich ore ; one hundnW 
weight being commonly valued at 180 marks of filver : red 
filver-ore, fometimes beautifuHy cryflalli/cd and tranfparent, 
is attaclied to red horn-lionc or calcareous fpar ; and wliite 
filver-ore lias fometimes but larely appeared. 

The filvcT-mincs of lierrfladt, in the circle of Tabor, arc 
ill lulls of a gentle declivity, and compofed of grey or blueifh 
clay-flute, in which appeat figures of grecnilb lithomargc, 
or femi-indurated pot-fione. Thcfc mines were formerly rich 
in native filver, and other ores of that metal. A vein to the 
well of this place, which traverfed a hard rock, contained 
reddifh-coloured felfpar, with galena, blende, and little 
filver ; but from the part where a vein containing white ar- 
fenical pyrites came into the hanging fide, the vein produced 
native filver, vitreous, red, and white filver-ore. Another 
vein in the fame place, which is from two inches to one foot 
in width, is obferved to be richeft where it is thmneft. It i» 
chiefly enriched by an undulating black clay fiffurc, which 
appears fometimes in the hanging fide, and then it produces 
red and while filver-ore. When crofled by veins running 
from ea(l to weft, it appears to be cut off and barren, till 
beyond the place of junaion it again becomes produdive 
in its former courfe. 

Sweden . — The filver-rnines of Salberg, in Weftmania, arc 
about 28 Englifh miles from Upfal. The ore is an ^rgen- 
tiferouB galena, yielding from one marc to a marc and a half 
of filver per quintal ; it is in compaa lime-ftone, and has been 
worked* to the depth of 1^0 fatnoms* Ihe average profits 
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amount to about 4000/. and onc-cighth is paid to the kine 

Porter's Travels. or 

Norway. filver-mincsof KonigCbcrg, in Norway, are 
fituated in^ mountains of moderate height, compofed of 
nearly vertical beds of rnica-fiate with garnets, and of grey 
quartz mixed with fine black mica, and a little lime-ftone 
and red horii-ltonc. Other beds are compofed of a ferru- 
ginous rock, which, in the, upper part of the mine, is 33 
feet thick, but in the lower not more than 6 feet thick. 

The veins are from half an inch to two feet or more in 
thicknefs, and cut the ftrata tranfverfely. The matrix of 
the ore is granular lime-ftone, fometimes intermixed with 
fluor fpar. Enormous mafles of native filver have fometimes 
been found in this mine ; one is mentioned as weighing zzolbs. 
The common ores arc native filver and vitreous filver. The 
veins are moil produiSlive in the ferruginous rock. The an- 
nual produce is about 5CX)olb8. weight of filver. 

filvcr-mints of Zmeoi arc fituated in that 
part of the Altaian chain of mountains which lies between 
the Oby and Iriilch, from 50° to 52° north latitude. The 
annual produce has been iiated at 60,000 marcs of filver, 
which is alloyed with about 3 per cent* of gold. The mines 
of Ncrtfchink in Daouria, near tlie river Amur, yield ar- 
gentiferous galena, producing about 30,000 marcs of filver, 
and contaiwing 1 1 per cent, of gold. The Ruffian merchants 
w ho trade to China bring back ingots of filver, from feve- 
ral ounces to u pound weight, in exchange for their commo- 
dities ; hence it may be inferred, fays Patrin, that there are 
filvcr-mincs on the frontiers of China. Patrin, Hift. des 
Mines. 

jimnua . — The moll produ6livc filvcr-mincs in the world 
are thofc of boiith America and New Spain. Thofc of 
Peru, for many years after its conqucfl by the Spaniards, 
yielded the greulell quantity of filver ; but at prefent the 
mines of Mexico arc the riclieft. The mines of America 
furnifli both filver and gold ; and in making an eftimate of 
their nchncls, we mull take an account or each of thefc 
metals, ^i'he following tabic, given by M. Humboldt, will 
fliew the diftribution of tiu'fe mi11cr.1l treafiires in the dif- 
ferent parts of the new world; the kilogramme being 
2 lbs. 

3 5 dr. avoirdupois, or rather more than 2 lbs. 


8 oz. troy. 

Ci'.lil. Silver. 

Viceroy alty of Peru - - 782 140,478 

Viceroyaliy of New Spain - 1,609 

C.ipilania of Chili - - 2,807 6,827 

Viceroyalty of Buenos Ayres - 506 1 10,764 

Viceroyalty of Grenada - - 4 > 7 H 

Viceroyalty of Brafil - - 6,873 


Kilogrammes 17,291 995>58i 


The above was the annual produce of the different dif- 
trids, at the beginning of the 19th century ; from which it 
appears, that the total weight of the precious metals from 
all the mines in America, reduced to Englifti pounds troy, 
is 45,580 lbs. of gold, and the enormous quantity of 
145,000 lbs. of filver ; equal in weight to one-third of the tin 
produced by the mines in Europe. Dr. Adam Smith, in his 
« Wealth of Nations," values the gold and filver annually 
exported into Cadiz and Lifbon at only fix millions flerling, 
including not only tlie regiftered gold and filver, but that 
which may be fuppoied to be fmugglcd. This eftimate ii 
only two-fiftIi8 of the real annual amount. 

The mountain of Potofi has funiifhed, fince its difeovery 
in 1545, a mafu of filver equal in value to 234,093,840/. 
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ftcrling. The mountain i§ iB miles in circumference : it is 
compofed of flatc, but has a conical coverinff of yorpliyry, 
which gires it the form of a fugar-loaf* or bafaltic hill ; ^ it 
rifes 697 toifes, or 480 yards, above the furrounding plain. 
The richnefs of the veins has diminifhed, as they have been 
worked to greater depths. At the furface of the earth, the 
veins of Rica, Centeno, and Mendifta, which traverfc primi- 
five flatc, were filled with native filver, and filver-ores 
throughout their whole extent . Thefe metallic maffes rofe 
in ridges or crefts above the furface, the fides of the vein 
having been deltroyed either bjr water or by fome other 
caufe. In 1545* minerals containing from 80 to 90 marcs 
of filver quintal were common. In the year I 574 >. 
cording to Acofta, the avera^ richnefs of the ore was eight 
or nine marcs per quintal. In 16071 mean wealth of 
the ores was not more than an ounce and a half to the 
quintal. The ores are now extremely poor, and it is on 
account of their abundance alone that the works are Itill in 
a flourifhing flate : for from 1574 year 1789, the 

mean quantity of filver in the ores has diminiflied in the pro* 
portion of 1 70 to 1 ; while the abfolute quantity of filver 
extracted from the miRca of Potofi has only diminiihed in 
the proportion of 4 to i. 

About fix miles from Pafeo is the mountain Jauvichora: 
it is diilinguifhed by the name of the Silver mountain. It 
is about half a mile in diameter, and only about 30 yards in 
depth : it is compofed of brown iron-ftone, which is inter- 
fperfed with pure filver. This ftone does not ^j^ield more 
tnan nine marcs of filver in 500 lbs. ; but there is a friable 
white clay met with in the middle of this mafs of ore, which 
wlds from aoo to 1000 marcs of filver in every 50 cwt. 
The mountain is penetrated in all direftions, without any 
attention to fecurity ; fo that it is expected it may fall in, 
in the courfe of a few years. According to Helms, this 
mountain yields annually 200,000 marcs of filver. 

The veins of filver at Potofi arc in flate, which Hum* 
boldt confiders as primitive : this flate is covered with a clay 
porphyry, containing garnets. The mines of Gualgayoc, 
in Peru, are in the Alpine lime-ftone. The veins which 
fumifh nearly all the filver exported from Vera Cruz are 
in flate, porphyry, grauwacke, and Alpine lime-ftone : 
the principal of thefe veins are thofe of Guanaxto, Zaca- 
tecas, and Catoree. The vein of Guanaxto yields more 
than one-fourth of the filver of Mexico, and a fixth part of 
the total produce of America. This vein is, in fome parts, 
from 147 to 150 feet in width, including the branches, and 
has been wrought from Santa Ifabella and San Bruno to 
Buena-Vefta, a length of 42,000 feet. The moft cele- 
brated mines in Mexico are elevated from 6000 to 9000 
feet above the level of the fea. In the Andes, the mines 
of Potofi, Ocuro, Pas, Pafeo, and Gualpyoc, are in re- 
gions higher than the loftieft fummits of the PyrenjSes, A 
mafs of rich filver-ore has been difcovered near the fmall 
town of Micuicampa, at the abfolute height of 13,450 feet. 
The great elevation of the Mexican mines is peculiarly ad- 
vantageous to the working of them, as the climate is tem- 
perate, and favourable to vegetation and cultivation. 

The part of the Mexican mountains which at prefent 
contains the greateft quantity of filver, lies beween the 
twcnty.firft and twenty-fourth degrees of latitude ; and it 
is not a little remarkable, that the metallic wealth of Peru 
Ihould be placed at an dmoft equal latitude, on the other 
fide of the equator. In the vaft extent which feparates the 
mines of La Pas and Potofi from thofe of Mexico, there 
are no others which throw into circulation a ^eat mafs of 
the precious metals, but thofe of Pafeo and Chota. The 


SILVER 

ifthmusof Panama and the mountains of Guatimala contain, 
for a length of 600 leagues, vaft trails of ground, in which 
no vein has hitherto been worked with fuccels. 

The province of Quito, and the eaftern part of the king- 
dom of New Granada, from the eighth degree of fouth 
latitude to the feventh degree of north, are equally poor in 
metallic wealth. It would not, however, fays Humboldt, 
be correct to infer that thefe countries, which have been 
convulfed and torn by volcanoes, are deftitute of the pre- 
cious metals. Numerous metallic repoiitories may be con- 
cealed by beds of bafalt, and other rocks of fuppofed 
volcanic origin. It fliould, however, be remarked, that 
fome of the rocks, which Humboldt enumerates as very 
metalliferous, are by other geologifts confidered of volcanic 
origin, particularly clink-ftone>porphyry, and other por- 
phyries containing hornblende, but diitinguiftied by the ab- 
fence of quartz and common felfpar. 

The mines of Huantajya are celebrated for the great 
quantities of native filver they formerly produced. They 
are fituated in an arid defert, and furrounded by rock-falt, 
near the fhores of the Pacific ocean, at no great diftance 
from the fmall port of Yquique, in the audience of Lima. 
Thefe mines are a remarkable exception to the great eleva- 
tion of filver-mines in Spaaifh America, being placed on a 
low and gentle declivity. Their produce is native filver, 
vitreous filver, and horn filver ; the annual amount is about 

50.000 lbs. troy of filver, or 80,000 marcs. 

The filver-mining operations of Chili, according to Hum- 
boldt, are in general not produdiive ; but the vein at Ufpalata 
contains pacos fo rich, that the produce is from 2000 to 
3000 marks in every 5000 lbs., or from ±0 to 60 marcs 
per quintal. Molina, in his Hiftory of Chili, deferibes the 
vein at Ufpalata, on the Andes, as being nine feet in thick- 
nefs. It has been traced 90 miles, and is fuppofed to extend 
300 miles. From the main vein there are branches on each 
fide, which extend to the neighbouring mountains : fome 
of thefe branches are 30 miles in length. This is the largeft 
metallic vein which is at prefent known in the world. 

According to Humboldt, the greateft part of the filver 
extracted from the bowels of the earth in Peru is furniflied 
by a fpecies of ore called the pacos, of an earthy appearance, 
which M. Klaproth analyfcd, and was found to confift of 
almoft imperceptible particles of native filver with the 
brown oxyd of iron. In Mexico, on the contrary, the 
greateft quantity of filver annually brought into circulation 
IS derived from vitreous filver-ore, grey filver-ore, horn-ore, 
and black and red filver-ores. Native filver is not extracted 
in fufficient quantity to form any confiderable proportion 
of the total produce of the mines of New Spain. It is, 
fays this traveller, a very common prejudice in Europe, 
that great maffes of native filver are very common in the 
mines of Mexico and Peru, and that in general the mines 
of mineralized filver, deftined to amalgamation, or to fmelt- 
ing, contain more ounces, or marcs of filver, to the quintid, 
than the filver-ores of Saxony or Hungary ; but he adds, 
I was furprifed to find that the nunmer of poor mines 
reatly exceeds thofe of the mines which, in Europe, would 
e efteemed rich. It is at fir ft difficult to conceive how the 
famous mine of Valenciana, in Mexico, can regularly fupply 

30.000 marcs of filver month, as the vein confifts of 
tulphuretted filver, difleminated in almoft imperceptible 
particles through the matrix. In the formation of thefe 
veins, it fhould appear that the diftribution of filver has 
been very unequal, being fometimes concentrated at one 
point, and at other times difleminated in the vein through 
the matrix or gan^ue; for, in the midft of the pooreft ores 
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arc found confiderable mafles of native filver. Although 
the new continent hae not hitherto produced fmgle mafles 
of native filver equal to what have been found in the old, 
the metal is more abundant in a ft ate of perfeft purity in 
Mexico and Peru than in any other quarter of the globe, 
not in mafles, but in particles difleminated throu^ the 
enormous quantity of the ore called pacos. The refult of 
a general inveftigation of the richncfs of different mines is, 
that the mean richnefs of the different ores is not more than 
from three to four ounces of filver in every fixteen hundred 
pounds of ore. According to this rcfult, the ore contains, 
on the average, two ounces and two-fifths per quintal. 
It had formerly been aHerted, that no ores were worked in 
Mexico that did not contain one-third part of filver. The 
filver-ores of Peru are not richer on the average than thofe 
of Mexico. The diftriA of Guanaxto has before been 
mentioned as furnifliing more than one-fourth of the filver 
annually extrafted in America, the riches of the mines here 
being fuperior to the celebrated repofitory at Potofi : they 
are all worked in one extenfive vein. Among thefe mines, 
that of the count Valenciana is one of the richett : the 
average produce of filver is four ounces of filver from a 
quintal of ore. 

The whole weight of filver from the vein of Guanaxto, 
on an annual average from 1786 to the year 1803, has 
been 556,000 marcs, or 364,911 lbs. troy ; and in thirty- 
eight years the weight of gold and filver, from the fame 
vein, has been 12,700,000 pounds troy. In average years 
it yields from 500,000 to 600,000 marcs of filver, and 
from ] 500 to 1 600 marcs of gold. It has been doubted by 
feme perfons whether this be really a vein, or a metallic bed, as 
in fome parts of its courfe it is parallel between the beds, or 
ftrata of the rock. It pafles through both flate and por- 
phyry, and is metalliferous in both. Though it has been 
before Itated that the extent of this vein is more than 
42,000 feet ; yet the enormous mafs of filver which it 
has fupplied for the latt hundred years, fufficient alone to 
change the price of commodities in Europe, has been cx- 
traAed from an extent of lefs than 2000 feet ; for where 
this vein is not widened by branches, its general width 
may be ftated at from 38 to 48 feet. It is for the moll 
part feparated into three mafles, divided by banks of mine- 
ral matter, or by part of ihe matrix deftitute of ore. 

At Valenciana the vein continues undivided to the depth 
of 557 feet, and then divides into three branches ; and its 
width, from the floor to the roof, is from 164 to 196 feet. 
Of thefe three branches of the vein, there is in general only 
one which is rich in metals. Sometimes, when thefe three 
branches unite, the mine is uncommonly rich. In this cele- 
brated vein there is a certain middle region, which may be 
confidcred as a repofitory of greater riches, for above and 
below this region the ores arc poor in filver. 

At Valenciana the rich minerals have been in the greateft 
abundance, 300 and 1100 feet below the mouth of the 
gallery. 

The labour of the miner is entirely free throughout the 
whole kingdom of Spain, and no Indian or Mellizoe can be 
fined to work in the mines. The Mexican miner gains 
from i/. to lA 4#. fterling per week of fix days. The men 
employed in agriculture do not gain more than a third of 
that fum. The miners work nearly naked, and arc fearched 
in the moft indelicate manner on leaving the mine. They 
frequently conceal fragments of native filver and filver-ores 
in their hair, under their arm<jpit9, in their mouths, and even 
in the anus, into which they force cylinders of clay contain- 
ing the metal. Thefe cylinders are called Jonganas* A 
regifter ts kept of the filver found in different parts of the 
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body. In the mine of Valenciana, the value of thefe ftolen 
minerals, a great part inclofed in the longanas, amounted, 
the year 1774 to 1787, to 30,000/. fterling. 

1 he filver is extrafted from its ores in New Spain by 
amalgamation with mercury, and by fmelting ; the propor- 
tion of filver extraacd by mercury is 3! to 1 of that extraded 
by fmelting ; and as fuel it becoming fcarcc, the quantity 
of filver extracted by amalgamation increafes, the fmelting 
being very imperfcdlly conduaed. 

The Mexican miners do no't appear to follow any fixed 
principle in the feleaion of minerals deftined to fmelting or 
amalgamation ; for in one diftria they fmelt the fame ores, 
which in another they believe can only be managed w^ith 
mercury ; and it is frequently the abundance or fcarcity of 
mercury whicli determines the miner in the choice of his 
method. In general they fmelt the argentiferous galena, 
and the mixed minerals of blende and vitreous copper. 
The pacos <, the vitreous, red, and corneous filver-ores, the 
grey copper-orc rich in filver, and the meagre ores, diflemi- 
nated in Imall quantities in the matrix, they find it more 
profitable to amalgamate. 

All the metallic wealth of the Spanifh colonics is in the 
hands of individuals. The government poflefles no other 
mine than that of Huanca Velica in Peru, which has been 
long abandoned. The individual receives from the king a 
grant of a certain number of meafures^ on the dircdlion of a 
vein or bed ; and they are only held to pay very moderate 
duties on the minerals extraded. Thefe duties have been 
valued on the average throughout all Spanifh America at 
1 per rent, of the filver, and three per cent, for the gold. 

In the fpace of a hundred years, the animal produce of the 
Mexican mines has increafed from twenty-five to one hun- 
dred and ten millions of francs. The produce of the mines 
in Peru has of late years been rather decrcafing, which Hum- 
boldt attributes to its being worfe goverHea than Mexico. 
The procefs of extraftion feems alfo to be condudled upon 
worle principles than in New Spain, though in neither of 
thefe diftri6ls is fmelting, or amalgamation, performed with 
much fkill j for, according to M. Humboldt, the quantity 
of mercury annually confumed in New Spain exceeds two 
million one liundred thoufand pounds troy. The mercury 
is feparated from the amalgam by dillillation ; but in the 
whole procefs, the Mexicans wafle eight times more than 
would be neceflary, were tlie procefs coududled in the fame 
manner as at Freybcrg. 

The following table will fhew the annual produce of gold 
and filver in the mines of Europe, northern Afia, and Ame- 
rica, as given by M. Humboldt, in kilogrammes. It may 
be regarded rather as an approximation to the real amount, 
than as a very accurate llatcment, the amount of Englifh 
filver not being included ; perhaps this may be eftimated at 
4000 lbs. troy. 


frold. Silver. 

Europe - - I >297 52*670 

Northern Afia - 538 21,709 

America - - 17*29^ 795»5^* 


The kilogramme, it has been before ftated, is rather more 
than 2 lb. 8 oz. troy. It is impoflible to value the quantity 
of gold and filver annually extracted on the whole ^lobc ; 
for we are unacquainted with the amount of what js pro- 
cured in the interior of Africa, and the central parts of Afia, 
Tonquin, China, and Japan. The quantity of gold and 
filver formerly brought the Dutch from the latter coun- 
try proves that it is rich in the precious metals. We may 
draw the fame conclufion refj^ding the northern frontiers 
of China and other parte of Afia ; and the quantity of 
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gold«duii brought to the wettcm coatt of Africa, leads us 
to believe, that the countries fouth of the Niger contain 
large quantities of this metal, though we have little inform- 
ation refpedting the lilver of the African continent. 

jijay and AnaMs 0/ Pure native filver re- 
quires no other anay tnan fufion, with a little potafh to free 
it from its earthy matter. In the humid way the filvcr may 
he diffolved in nitric acid, and precipitated by common fait. 
The precipitate may then be fufed with foda in a crucible, 
by wliich the filver is obtained pure, and the muriate of 
ioda fublimed. The auriferous filver-ores may be treated 
with potafli, by fufion in a crucible : the alloy of filver and 
gold ii) firft obtained, and the two metals may be fepa- 
rated by the procefs of parting. See Rekining and As- 
saying. 

Thofe ores which confift of filver combined with anti- 
mony or arfenic, or both, are firft roafted, to drive off the 
arfenic and antimony, the filver remaining pure. The pro- 
cels is much facilitated by the ufe of nitre, for the pur- 
pofe of oxydating the metals to be difiipated. 

The humid analyfis of this ore requires more particular 
trcatmcr.t. 

The ore commonly called arfenical is firft to be coarfely 
powdered, and then diftilled vinegar poured upon it, to dif- 
folve the lime of the calcareous fpar adhering to it, 

A given quantity of the ore fo waftied ia now to be finely 
powdered, and nitric acid poured upon it : this oxy- 
dates the metals, difiblving the greateft part, and leaving a 
yellowifti refiduum. To the part diflblved muriate of foda 
is to be added, which precipitates the filver. This precipi- 
tate being wafhed and dried, will give 77 per cent* of pure 
filver. To the liquid from which the lafl was precipitated 
add a folution of potafti ; a lightifti red precipitate is now 
formed, w'hich, on drying, becomes of a deep brown, and by 
ignition affumes the form of powder of a whitifh-grey co- 
lour ; this is the arfeniate of iron. This fubftance contains 
iron and arfenic, in the proportions of 50 to 43 or 44. This 
is (hewn by treating the arleniate of iron with charcoal cx- 
pofed to a red heat ; the arfenic is reduced, and fublimes, 
while the black oxyd of iron remains. 

The yellowifti refiduum left in the firft folution is to be 
digefted with muriatic acid ; if a white powder remains un- 
diflolved, it will be found to be muriate of filver, and muft 
be added to that firft obtained. To the muriatic folution 
add a folution of carbonate of potafh, and a yellowifti-green 
precipitate is formed 2 to this precipitate, when wafhed and 
dried, add muriatic acid by a little at once, till the powder 
is diflblved ; add a large quantity of water to this folution, 
which will produce a white precipitate ; this being feparated 
and dried will be pure oxyd of antimony, affording 4^ of 
pure antimony. What remains in folution, after the laft 
fubftance is feparated by the water, may be precipitated 
by pure potafh, and will be found to be oxyd of iron ; 
which, when treated with charcoal, like the firft obtained, 
may be added to the fame to make the whole of the iron 
afforded by the mineral. In this way the arfenical filvcr- 
ore afforded, according to Klaproth, the following ana- 
Jyfis : 


Silver 

Iron 

Arlenic 

Antimony 

- 12.75 

- 44.25 

- 35 

4 
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The iulphuretted ores in the large wav fomeiimes merely 
require to be roafted to drive off the fulpW : the heat being> 
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urged affords a button of pure filver. This is the cafe with 
the variety call^^d Silver -glance* 

The brittle filver-ore contains a very fmall portion of an 
timony and copper. The metallic button obtained by heat 
will require to be cupelled with lead, in order to get the 
lilver pure ; it may, however, be made tolerably pure by 
treating ^he button with nitre, by which the bafe metals 
are feparated. 

To effect the humid analyfis of brittle filver-orc, the 
powder is diffolved in dilute nitric acid with a gentle heat. 
By this treatment a refiduum is left equal to of the 
whole. The folution is to be treated with muriate of foda, 
like the laft. 

If the prefence of an alkaline fulphate does not form any 
precipitate with the remaining folution, the mineral does not 
contain lead ; add to the folution an excefs of ammonia, and 
a greyifh-white preci]>itate will be left, which is the oxyd of 
iron, often containing a little arfenic. If copper be prefent, 
ammonia will give to the remaining folution a fine blue co- 
lour, and that metal may be feparated by a rod of clean 
iron. 

It HOW' remains to examine the firft refiduum which was 
unaffeded by the nitric acid ; this is to be digefted with 
nitro-muriatic acid : the refiduum left after this treatment 
will be found to be pure fulphur. The nitro-muriatic fo- 
lution is now to be diluted with a large quantity of water ; 
a white precipitate falls down, which, when wafhed, dried, 
and ignited, will be found to be oxyd of antimony, of a 
brown colour. 

Klaproth found 100 grains of this ore to yield as follows ; 


Silver - - - - 66.5 

Antimony - - - - 10 

Iron - - - “5 

Sulphur - - - - 12 

Copper and arfenic - - - ,5 

Extraneous matter from the mine - i 
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The white filver-ores afford nearly the fame ingredieiitE, 
with the lali ; and the mode of analyfis will be fimilar in the 
dry way. 

The light -mfhite and darh white filver-ores contain lead 
and aluminc, and require a different treatment. After 
the filver is precipitated by common fait, a quantity of 
muriate of lead is formed at the time, which, on concentra- 
tion, affords the muriate of lead in bright filky cryftals. 
When thefe are colleded till the liquid will afford no more, 
a folution of fulphate of foda is to be added, which precipi- 
tates the remainder of the lead in the ftate of fulphate of 
lead. This powder, being waftied and dried, contains ^ths its 
weight of metallic lead. The remaining liquid being fuper- 
faturated with ammonia, as in the analyfis of the brittle 
filver-ore, a light-brown precipitate is formed : this precipi- 
tate is oxyd of iron and alumine. To feparate the latter, 
diffolve the precipitate in nitric acid : feparate the iron by 
prufliat of potafti, or prufliat of lime, and afterwards the 
alumine with foda. The prufliat of iron, heated to a red heat, 
is decompofed, leaving the black oxyd of iron, which con- 
tains 4^- of metallic iron. 

The firft refiduum left by the nitric acid, befides anti- 
mony and fulphur, which conftituted the refiduum of the 
brittle filver-ore, alfo contains lead. By the frequent 
addition of muriatic acid with the application of heat, the 
lead is feparated in cryftals of muriate of lead ; obtaining, 
by this means, a folution of the muriates of lead and anti- 



SILVER 

mony. The refiduum is fulphur. The muriatic folution de- 
pofitfi cryftals of muriate of lead on cooling. When no more 
cryftals fall down, thefe ciyftals are to be added to thofe 
obtained before. Thefe, being heated in an affay crucible with 
twice their weight of black nux, afford metallic lead. This 
lead, however, treated in the ufual way on the cupel, affords 
a fmall pcriion of filver. The folution Hill contains a fmall 
portion of muriate of lead and the antimony. By adding a 
folution of Glauber^s fait, the lead is precipitated in the 
Itate of fulphale, affording fths its weight of metallic lead. 
The antimony, which is the laft, may be precipitated by af. 
fufion of water. The precipitate, being wafhed, dried, and 
ignited, is the pure oxyd of antimony, yielding on its re- 
ou^ion -ff of the metal. The analyfis of t}»e light white 
filvcr-ore, by Klaproth, gives of 


Silver .... 20.4 

Lead .... 

Antimony - - - - 7.88 

Iron .... 2.25 

Sulphur - - - 12.25 

Aluminc - - - 7 

Silex - - - 0.25 


98.05 

The dark filver-ore, by the fame, is 


Silver - - - - 9.25 

Lead - - - - 41 

Antimony - - - 21.5 

Iron - - - 1.75 

Sulphur - • - 22 

Alumine - - - i 

Silex - *• - *75 


97,25 

The corneous filver-ore, which is muriate of filver, is 
eafily reduced in the dry w^ay by fufing it with foda, in a 
crucible capable of fufing the metallic filver. The foda 
takes the muriatic acid, forming muriate of foda, which 
efcapes in white fumes, and the filver is left pure. 

In the humid it is firft fufed in a glafs retort with 
carbonate of potam. The mafs is then diflolved in hot 
water, and the folution fiiuTcd. The refiduum is then dif- 
folved in nitric acid, leaving behind a red powder. This 
powder, bring treated with nitromuriatic acid, leaves be- 
hind a fmall portion of muriate of filver, which mutt be 
accounted for in metallic filver, as before direfted. Am- 
monia, being added to the nitromuriatic folution, precipi- 
tates a red powder, which is oxyd of iron. To the nitric 
folution, from the mafs firft: treated with carbonate of 
potafh, muriate of foda is now to be added ; which pre- 
cipitates the filver in the form of muriate, from which the 
metallic filver may be either calculated, or obtained by 
fufion with foda. The aqueous folution from the fufed 
mafs is now to be fatiiratcd with acetic acid. If alumine 
be prefent, it will be precipitated. The liquid part is now 
to be evaporated to drynefs. If alcohol be added to the 
dry mafs, it dilTolves the acetate of potafh. The refiduum 
is then diflolved in water. To thij, muriate of barytes is 
to be added, which, if fulphuric acid be prefent, will caufe 
a precipitation of fulphate of barytes, the fulphuric acid 
of which is to be confidered as a product of the ore, and 
will be equal to one-third pf the weight of this precipitate, 
when warned and dried. The remainder of the faline mafs 
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which was diflolved in water may be confidered as muriate 
of potafh, the acid of which is another ingredient of the 
analyfis, and will be equal to of the fait. 

Ph^cal and Chemicai Properties of Silver* — Silver, when 
pure and newly poliflied, is of a fplendid while colour, and 
becomes more white when the polifh is deadened. Its hard- 
nefs is nearly that of coppL*r. Its malleability is nearly 
equal to that of gold. At a heat vifibly red in the dark, 
it can be worked with great facility by the hammer into 
various articles, in the manner of working iron. After 
being rolled into very thin fheets, it can be beaten into leaves 

-rTrnVvT)tb of an inch in thicknefs, and can be drawn 
into wire finer than a human hair. A wire of of an 
inch will require 336 lbs. to break it, when exerted in the 
diredion of its length. At a temperature ftiort of red- 
nefs, thefe pieces can be united either by the hammer, 
or by prefling them together with fridion by a ilecl 
burnifher. 

It melts at the temperature of 28° of Wedgewood, or 
4717® of Fahrenheit. If the heat be raifed the metal be- 
comes more liquid, and boils. This is occafioned by its 
ailuming the elattic form, in which iiatc it rifes, and is con- 
denfible on the fur face of bodies held over it, as has been 
obferved with gold. 

In purifying filver on the cupel, it is obferved, that when 
it is removed from the furnace, and juft at the point of con- 
gelation, a fmall explofion cnlues, giving to the furface of 
the button an appearance as if fomc elattic fluid had been 
difengaged from it. It has been dif covered by Mr. Samuel 
Kucas, of Sheffield, that the claflic fluid which is fepa- 
rated, producing the phenomenon in queftion, is pure oxy- 
gen gas. 

By keeping filver long in a ftate of fufion, at a very high 
temperature, it becomes oxydated. 

Macquer converted filver into a vitreous oxyd by cx- 
pofing it to the heat of a porcelain furnace. 

Silver is readily inflamed by eleAricity, and converted 
into an oxyd of a greenifh-yellow colour. 

The moft direct way to obtain the oxyd of filver is by 
diflblviiig tlie filver in nitric acid, and precipitating it with 
lime-water. The precipitate is at firft white, in which 
ftate it may be confidered a hydrate of the oxyd. When 
heated, the water efcapes, and it affumes a greenifh-yellow 
colour, inclining to grey. If the heat be raifed, the air 
being excluded, the oxygen is drawn off, leaving the metal 
in a ftate of purity ; 1 00 parts of filver have been found to 
contain 7.5 of oxygen ; hence, if the atom of hydrogen 
be I, that of filver will be 100. No combination of filver 
with azote or carbon has as yet been difeovered. 

It combines with fulphur with great facility : the mere 
contact of the metal with flour of fulphur is fiifficient to 
give the furface a yellow colour. If the filver be in thin 
plates, and ftratified in a crucible with the fame, at a red 
heat the combination foon lakes place, and the mafs fufes, 
forming a fulphuret of filver of a violet colour, fometimes 
in cryftals of the fhape of a needle. 

This fubftance is brittle, but fufficiently foft to be cut 
with a knife. It is decompofable by beat. The fulphur 
efcapes, leaving the metal in a ftate of purity. This 
compound is an atom of filver equal to 100, united to an 
atom of fulphur 15. 

Sulphuret of filver is alfo formed by expofing the metal 
to fulphuretted hydrogen gas. The fmall quantity of the 
latter exifting in the atmofphere is capable of foon com- 
municating a yellow, and ultimately a purple colour to 
poH/hed filver. 
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Mr. Proud found this tarnifliing matter to be a lulphurct 
of filver. The thinned coat of gum, or of yariiifli, com^ 
pletcly defends the furface of filver from tarnidiing. 

Silver combines with phofphorus, forming a pliofphurct 
of filver. This combination is effefted by heating in a 
crucible equal parts of filver and phofphoric glafs, with 
one^fourth their weight of charcoal powder, or, what is 
better, faw-duft. TMs compound is of a white colour. It 
is brittle, but may be cut with a knife. It is, like the fuU 
phuret, decompo fable by heat. 

Silver combines with feveral metals, forming alloys. 
The alloy of filver with gold, when the former is in a very 
fmall quantity, is of a much paler colour than gold. Thefc, 
like all other compounds, are doubtlefs definite, and hence 
u'c (honld exped, that when thefe metals combine in the 
ratio of the weights of their atoms, which will be lOO filver 
to 140 of gold, the alloy would be the moll perfect. And 
the next perfeft would be two atoms of one to one of the 
other. It is dated by Mufchcnbroeck, that the harded 
alloy of thefe two metals is with two parts of gold to one of 
filver. 

Silver, as well as rendering gold mucli paler, gives it a 
reenifli tinge. This alloy is more fufible than gold, and 
crice is employed as a folder for that metal. 

Silver dt)es not form any finking alloy with platinum. 
Indeed it rather appears to be a mixture than a combination. 
As is the cafe with lead and zinc, the two metals feparate, 
when kept feme time in a date of fufion. This fad is cor- 
roborated by the circuniftancc, that filver can fcarcely be 
made to unite two pieces of platinum together, when ufed 
as a folder, while gold can be employed for that purpofe 
with the greateft (uccefs. For the other alloys of filver, 
fee the refpedive metals. 

Salts of Silver. — Thefc confift of the oxyd of filver com- 
bined with an acid, fomc of which only arc foluble in water. 
The prcfencc of the foluble falts of filver is cafily de- 
teded by muriatic acid, or any foluble faline compound 
with that acid, by occafioning a denfe white precipitate, 
which foon changes to a purple colour when expofed to 
the fun’s light. 

The infallible falts of filver have the property of coating 
bright copper with filver, when rubbed upon it with a little 
moifture. Salts of mercury would give the lame white ap- 
pearance, but this would be dillinguilhed from filver by 
being capable of diflipatioii by heat. .Salts of filver be- 
come black with the hydro-fulphurets of the alkalies. And 
gallic acid gives a brown precipitate. 

Sulphate of Silver. — Sulphuric acid has no adion upon 
filver at the common temperature. When, however, this 
metal is boiled with the acid, the filver becomes oxydated, 
fulphurous acid gas is difengaged, and fulphatc of filver is 
formed, which is a white mafs, fparingly foluble in water, 
except an cxcefs of fulphuric acid be prefent. The latter, 
on evaporation, affords cryilals of a brilliant filvery white- 
nefs, in the form of needles or fine prifms. 

This fait is foluble in nitric acid. 

When heated, it firfi fufes, and if the heat be raifed, it 
is decompofed, fulphuric acid and oxygen efcaping, leav- 
ing the filver in its metallic form. 

This fait is decompofed by the alkalies and earths, and all 
thofe foluble falts, the acids of which form infolublc com- 
pounds with filver. Bergman has ftated, that 100 parts of 
metallic filver, precipitated from nitric acid by fulphuric acid, 
give 134 of the fulpliate. Allowing the 100 of filver to 
have taken 7 of oxygen, there will remain 28 for the ful- 
phuric acid. This, m icx>, will give fulphuric acid 22, 
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and 78 of oxyd of filver. If this lall be conipoied of 
one atom each of acid and bafe, then, by Dr. Wol- 
latton’s fcale, the proportions would be 25.5 acid, and 
74.5 oxyd of filver. Dalton’s numbers would give very 
nearly the fame refult. 

Sulphate of Silver. — This fait, like the lait, is fparingly 
foluble in water. In other refpefts, it is but little known. 

Nitrate of Silver. — The nitric acid adls with confiderable 
violence on filver, affording red fuffocating fumes, occafioned 
by the copious difengagement of nitric oxyd. If the acid 
and the filver be pure, the folution becomes clear and co- 
lourlefs, without refiduum : if the acid contains muriatic 
acid, which is often the cafe with the acid of the Ihops, 
then a denfe white powder will fall down, which becomes 
purple in the fun-fhiiie, and is the muriate of filver : if the 
filver contains gold, a purple powder will be left at the bot- 
tom of the vend : if it contains copper, the folution will be 
of a green colour, of greater or lefs intenfity, depending 
upon the quantity of that metal. 

The folution of filver affords cryftals on evaporation . 
they are of a prifmatic form, but differ in their number of 
fidcs ; they do not change by expofure to the air, but are 
very foluble in water. Thefe cry Hals, when heated, firfi 
melt ; the heat being raifed, the water of cryllallization 
efcapes, but the mafs Hill remains liquid : in this Hate it is 
frequently caH into moulds, in which it aflumes a folid form 
on cooling. Thefe Hicks, which are employed in furgery 
under the name of lunar caujlky arc of a grey colour, and 
when broken exhibit a cryHalline appearance. 

A more violent heat than that required for its fufion 
dccompofcs it, nitrous gas and oxygen being difengaged. 

This dccompofition is much more ra’pid when it is licated 
in contadi witli inflammable matter. If thrown upon burn- 
ing coaK’, it detonates. 

If filk, cotton, leather, ivory, and many oth.er bodies, b(. 
moiHened with nitrate of filver, and the p.art be afterwards 
moiftened, when a Hream of hydrogen gas is applied to it tlir 
filver becomes reduced, and appears with its metallic luHre. 
A Hick of phofphorus dipped in nitrate of filver foon becomes 
coated with metallic filver. 

This fait has the property of detonating with fulphur or 
phofphorus, by being Hruck fmartly with a hammer. 

Nitrate of filver is decompofid by all the earths wliich 
form falts, and by the alkalies, by combining with the acid. 
Ammonia, however, does not only precipitate the oxyd, but 
afterwards combines with it, forming a compound having 
alarming fulminating properties. The following is the pro- 
cefs recommended for its preparation. 

From the nitrate of filver precipitate the oxyd by means 
of lime-water ; feparate the oxyd, and dry it upon blotting- 
paper : upon this oxyd pour pure cauHic ammonia : let this 
remain for twelve hours. If a pellicle be formed upon the fur- 
face, add a little more ammonia, which will take it up. A 
black precipitate will be found at the bottom of the velTel, 
which is the ammoniate of filver, and is the fulminating 
fubHance to be obtained. This precipitate is to be carefully 
colleded, and laid in very fmall quantities upon feparate bits 
of blotting-paper, to dry. When dry, the flighteft touch 
or rubbing motion caufes a violent cxplofion. Thofe unac- 
cuHomed to it fliould begin with the fmalleH poflible quan- 
tities, as ferious accidents have happened by exploding it 
in too large quantities. The liquid part from which the 
fubHance was feparated will be found to be a folution of the 
fame ; if it be heated in a glafs retort, a portion of it is de- 
compofed, and the gafeous produfls difengaged : in a little 
time, fmall brilliant cryHaU of the fame lubHance appear : 



SILVER 

thcfe frequently detonate with fuch violence, as to break the 

vcfTel in which they are contained. 

The theory of thele appearances is obvious : the oxygen 
of the filver combines with the hydrogen of the ammonia, 
forming water, which, with the azotic gas of the fame, are 
in an uiftant rendered fo highly elailic by the caloric fet 
free, as to produce theexplofive effed fo confpicuous in this 
fubdance. It is ncedlefs to fay that the filver is left in the 

metallic form. ,, , r » i • 

Nitrate of filver is decompofed by all thofc metals liaving 

a fuperior attradion for oxygen. The oxygen of the lilver 
is given to the decompofing metal, which alfo combines with 
the acid. Copper, io employed, precipitates the filver in a 
white metallic powder, the refult being nitrate of copper in 
the place of nitrate of filver. The precipitate is not pure 
filver, fome copper will always be detedted when the preci- 
pitate is re-diflolved. 

Mercury has alfo the property of precipitating filver from 
the nitrate, producing the appearance which has been termed 
the ar!/or D 'tandf. Lcmcry recommends one part of filver to 
be dilfolvcd in nitric acid, and the folution to be then diluted 
with twenty parts of diUillcd water : to this add two parts 
of mercury. The mercury gradually occupies the place 
of the lilver, and the latter is precipitated in the form of 
vegetation, from which the name has been derived. 

The vegetative appearance is caufed by the growth of the 
cryftals bt^ng from the extreme points of that already formed, 
as IS the cafe with the growth of vegetables. Tiie mercury, 
and the finallell portion of precipitated filver, form a Gal- 
vanic combination. The filver now in folution is reduced 
upon that already formed, in confequence of its It ate ol 
elearicity being negative, that of the mercurv being rela- 
tively politivc, by which it aliraas the acid. This procels 
would doubtlels be facihtated by dropping a fmall bit of me- 
tallic filver upon the mercury, added to nitrate of filver. 1 hi8 
would form a Galvanic combination, and the bit ot lilver 
would become an immediate rallying point for the filver in 
folution. IF a htrlc of a dilute folution of nitrate of filver 
be Itiread upon a pane of glafs laid in an horizontal pofition, 
and a common pin be laid in the middle of the covered par , 
in a few hours, beautiful raniificalions of fi ver extend from 

every fide of the pin ; fi-.netimes to the di fiance of an inch. 
This is alfo to be explained by Galvanifm. 

Murl'U of 6V‘r<r.— When muriatic acid, or «n 7 i!i ifh 
muriate, is added to nitrate of filver, a deide and bluj*ilh- 

wliitc precipitate is thrown down, which 
Although white when it is jnll precipitated, it foon aflume 
f purplftin^ by expofure to the light, and the change is 
quicker as the l^ght is more intenfc : hence tins 

fo meafure the degree of intcnfity of light, 

Irtd! ^The ^latter, on combining with the filver, forms the 
g^;lwra«d of a horny appearance. 

t rci'-’nimsi --SpEp rTdiisS; 


487 

and ultimately black. This pellicle, on examination, is 
found to be muriate of ammonia and reduced filver. Thofe 
who with fir Humphrey Davy hold oxymuriatic acid to be 
a fimple body under the name of chltirinc, confulcr this fub- 
ilance as a compound of the latter fub fiance with metallic 
filver. Sir Humplirey gives it tlie name of ardent ancy and 
Dr. Thomfon, more conlilb nlly, chloruU' of filver • 

The compofition of this fait, according to Proufi, is 

Muriatic acid - i8 

Oxyd of filver - ^2 


By the atonic theory it fliould he coidlitutcd by lOv. 
4* y.j = of oxyd of filver, and 24 muriatic acid, 

which would give 

Oxyd of filver - S1.7 

Muriatic acid - 18.5 


Sir Humphrey confiders it as a compound of one propor- 
tion of chlorine, Ojy and one proportion of filver, 205* 
which will give 

Silver - - - 75 *;^ 

Chlorine - - 24*7 


Confidering the 24.7 of chlorine as oxymuriatic acid, which 
would be 18.8 muriatic acid, and 5.9 oxygen; then giving 
this oxygen to 7^!5 ^^ver, would ^ive 81.2 of oxyd of 
filver, and 18.8 ot muriatic acid in the too, which nearly 
agrees with the above. The property which this fait has of 
becoming black by die adiion of light, has rendered it ufeful 
for marking linen. Very improper ingredients J«ve Wen 
fold for tins purpofe. The mtrale of lilver is employed to 
write with upon the linen, which is very proper ; but the 
part is often prepared by a loh.tion of 4 da m- 

ficad of a folution of muriate of foda (common fait). 1 le 
following will be a recipe which cdiii.ot l.ul of lucctfs . di - 
lolvc ao grains of lunar caullic iii one ounce of dillillcd 
\vjter ; tins will be for the writing liquid. For the pre- 
paring liquor, diflolve half an ounce of common fall in four 

Lncctif’ water, and m the w th tk kne^ 

irum arabic. Moilten the part to be marked witli tin latter, 

Ld dry it till the writing will not run. ^he letters will lirft 
appear of a blueifii-whitc, but become perfeftly black by ex- 

‘’"The miatt'bo^ate, phofphate, carbonate, and arfeniate ol 

filver, are iufoluble powders, having no P™P"f7*iate 

but little known. The arfeniate is formed by adding arf( m«e 
f . 1 .0 anv foluble fait of filver. it falls down in the 
forrof^owderlf a yellow colour. Its infolubillty. and Its 
clour, h... brju ..kc. 0U.»r.8o oS Ir, rmflo,- 

‘"‘rhe Xomiteof filvtr isan infoluble fait, of a red colour ; 
it is formed by adding chromate of potafl, to nitrate o 
filver. It, ho Jever, becomes purple by expofure to air and 

‘■^Acetate of filver is a foluble fait, formed by adding the 
accUc acIS to oxyd of filver. The folution afford, pnfmat.c 

of the falts are but little known. 

SiLVEH in MeJUine, is called luM, the moon ; and has 
bera much extolled for its virtues by chemical writer*. But 
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crude filver, however comminuted or attenuated, hai not 
been obferved to ( produce any medical cfFed. It is not 
foluble in any of the iSuids of the animal or vegetable 
kingdom. 

^veral preparations have been made from filver ; parti- 
cularly a 

Silver PilU or Pilula Lunaris^ which is a chemical pre- 
paration of filver, formerly highly commended as an an- 
thelmintic, and as a purgative remedy for dropfies, and in 
many other inveterate ulcerous difeafes. 

The method of making it is this : difiblve an ounce of 
pure nitre in diftilled water ; then diflblve an ounce of cryf- 
ta)s of filver, made in the common way, with pure filver and 
aqua fortis, in three times the weight of water, fo that the 
fmution may be pcrfeftly limpid ; mix the two folutions to- 
gether, they will become a clear homogene liquor ; evapo- 
rate this to a pellicle, and cryilals refembling nitre will 
fhoot ; pour on the remaining nitre as before, and the re- 
maining nitre will (hoot with tlie filver, in form of tryftals, 
again, upon a fecond evaporation ; let thefe cryftals be dried 
upon a paper, and then placed in a glafs velfel in a very 
gentle heat, enough to make them fmoke, but not run ; llir 
n with a piece ot glafs all the time, and keep it over the 
fire, till no more fumes arife ; thus the acid fpirits will be 
driven off, and the filver n^main of a very bitter talle and 
purging quality. It muft be kept in a dry clofe veffel. 

TJiis difcovery has been made to ferve to many other pur- 

E ofes, befides its ufes in medicine, and has furnifhed the dif- 
onelt pretenders to alchemy with one of their rnofi: cunning 
methods of deceit. They have been able, by this means, to 
conceal filver in nitre, and that in a very large proportion, 
as in one-tenth part of the whole quantity ; and this nitre 
being projefled in an equal quantity on melted lead, gives 
an increale of one-tenth part in filver, which remaining upon 
the tett, will deceive the ignorant, as if a tenth part of the 
lead were converted into pure filver. People who are upon 
their guard, may, however, difeover the cheat, by diifolving 
the pretended nitre in ten times its weight of water, and 
putting a polifhed plate of copper into tlie folution ; for 
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every particle of the filver will then be precipitated out 
of tne liquor upon the copper, and to the bottom of the 
vcflel. 

The medicinal ufe is this : the dried mafs, confifting of 
the falts of filver and nitre, is to be reduced to a fine pow- 
der : this powder, applied to ulcers, afts in the manner of 
the lapis infernalis, or filver-caufiic, only much milder : but 
for internal ufe, the quantity of two grains of it is to be 
ground to a fine powder, with fix grains of loaf.fugar, in 
a glafs mortar ; this is to be then mixed with ten grains of 
the crumb of bread, and formed into nine pills : thefe are 
to be taken by a grown perfon upon an empty ftomach, 
drinking after them four or fix ounces of hot water, 
fweetened with honey. It purges gently, and brings away 
a liquid matter like water, often unpcrccived by the patient. 
It is faid to kill worms, and perform great things in many 
obftinatc ulcerous diforders. It purges without griping, 
but it muft not be ufed too freely, nor in too large a dole, 
for it always proves weakening, and in fome degree corrofive 
on the ftomach ; but this inconvenience is greatly alleviated 
by rob of juniper. Boerh. Chem. part ii. p. 297. 

However, with this afliftance, it is at beft a dangerous 
medicine, and as fuch is defervedly excluded from pradlice. 
Lewis. 

Silver, TinSIure of, is made by dilfolving thin filver 
plates, or filver Ihot, in fpirit of nitre; and pouring the 
folution into another veflel full of falt-water. By this 
m^'ana, the filver is immediately precipitated in a very white 
powder, which they walh fcveral times in Ipring water. 
This powder they put into a matrafs ; and pour reftified 
fpirit of wine, and volatile fait of urine, upon it. The 
whole is left to digeft in a moderate heat for fifteen days ; 
during which, the fpirit of wine alTumes a beautiful Iky blue 
colour, and becomes an ingredient in feveral medicines. This 
is alfo called totahU fther, argentum potabile. 

Silver is liKewife converted into cryftals, by means of the 
fame fpirit of nitre ; and this is called vitriol of Jtiver. 

The lapis infernalis argentcus is nothing but the cryftals 
of filver melted with a gentle heat in a crucible ; and then 
poured into iron moulds. See Caustic, Lunar, 
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PRINTING, Cai.k 'o, is the art of imparting various 
colours to plain calicoes, in any form, or according to any 
pattern that may be defirod, by nu-anr. of certi'in colonrlefs 
mordants prcvioiifly applied to the clotli. This art has 
fometimes been denominated topical dyeing, and the various 
branches of it are calculated to aftonifli tliofe who may 
have the opportunity of witiicfling the diflerent proceffes, 
without being acquainted with the nature of chemical 
mordants, and their foveral ufes in the arts. 

The art of calico-printing is of great antiquity. Homer 
fpcaks of the variegated cloths of riidon, as having a very fplcn- 
aid appearance ; and Pliny defcril)e.> the Egyptians asaccuf- 
tomed to prepare ])arti-co!onred linens, and oiiferves tliat thefe 
colouVs were produca-d after a manner correipontling with our 
method of topical dyeir^g. He ftiys the Egypt ians began by 
painting or drawiiig on vvliite cloths, (doubtlefs linen or 
cotton,) with certain drugs, wlileh in tliemfrives poffefh'd 
no colour, but had the p-rojnTt) of attracting or ahforbing 
colouring matters. Alter wliieh, thefe cloths were immerfed 
in a heated dyeing liquor ; and though they were colourlefs 
before, and thougli this dyeing liquor was of one uniform 
colour, yet when the clotlis vv‘‘re taken out ot it foon alter, 
they were found to be wonderfully tinged ot C(Aouny 

according to the difll’ereut natun?s of the levcral drugs, 
which had been applied to their didVrent parts ; and thefe 
colours, fo wondcrfiillv produced from a tin6ture of only 
one colour, could not afterwards be difeharged by walhing ; 
and he confiders it as admirable, that the dyeing liquor, 
which, if cloths of different ^ oloui\s had been put into it, 
would have confounded them all, fhould thus produce, and 
permanently fix feveral colours, being itfelf only of one 
colour. Pliny, lib. xxxv. cap. 2. 

This account contains fo plain a defeription of one of 
the branches of calico-printing, that no one who is conver- 
fitnt with the prefent pradici s can entertain any doubt but 
that the ancient Egyptians v/erc acijiiainted with many of 
the principles of lliis very curious art. Our rcadcr'i, who are 
defirous of further invelligating this interciling uibjert, will 
find abundant and fatisfadory information by confnlting* tlie 
following works : viz* Pliny’s “ Natural Hillory the 
26tli volume of “ Recueil dts Lettres Ediliantes, 

Strabo, lib. x\\ ; DclavaPs “ Experimental Inquiry into 
the Caufe of Change of Colours, in opaque and coloured 
Bodies;’’ BerthoIIet’s “ Elements of the Art of Dyeing,” 
vol.i. p.28; Beckmanns “Hiftory of Inventions,” in 4 vols. 
8vo. ; Mr. Parkes’s “ Chemical Eflays,” vol. ii. p. 65, 
See . ; and Dr. Bancroft “ On Permanent Colours.” In 
the above works, abundant tcilimonics will be found to 
fliew that printed calicoes were not unknown to the ancients ; 


and we have good realon alfo to ruppofe that the colours 
which they imparted to ilicir clotlis poirelfed a confiduahle 
d«*gree of jiermaneney, as we know that iron and alum were 
])oth employed by them as mordants. It is likewih’ well 
known that feveral amint nations were ecijnainted with 
foda, maddtr, tin, the jiiice of th*’ Imcnnum^ cochineal (or 
an iiift‘ct fimd.ir to it), the tel’hraleiHrynan pii**ple, and 
oriuT materials, fufficient in the wliole to' enable thun to 
give a great variety of colours ami I inis to tlieir i\‘veral 
jirodudions. 

Our (»I)jeM, however, u\ this coinnun.lcation, is to give 
a ri*'iiiu'''f aci'onnt ol the art of < .ilico-printing as it is eon- 
diided at prefent, ami we do not know tl'at we can do 
better than to ci'py the greater part ol th« d(*tall which has 
been given l)y Mr. Parkes in his “ ElVay on Calico-Print- 
ing,” m the fecond volume of his “ C’hemieal Edays,” 
ami which Ik* has very politely allowed us to make ufe of in 
any way we think proper. 

Friim (hi-; eiTay it ajiiiears, that calico-printing, as an art, 
IS hut of modern date m tins country, though it has been 
jir.'difed in India, ami other part;; of the Eall, from time 
imuK morial. brom various accouiits it apjx'e.rs, that 
formerly in India the cotton ckalis when brought from the 
weavers, j)art!y bleached, were worn ni'Xl to the ikin by 
the dyer ami liy all his family, during the fpacc of eight or 
ten days, after which they umlcrwent feveral macerations 
in water, with goal’s dung, ami were afterwards fubrnitted 
to frequent walhings, ami as fn quent dryings in the rays of 
an intenb* fun-fliiiie. Afterwards they vvi're foaked for 
foriv timi* in tlie mixture of the allringent fruit of the 
yellow myrohulans^ and of curdled buffalo’s milk. When 
thoroughly impregnated therewith, they were fqneezcd, 
dried by expoliire to the fun, and then, by pruffure ami 
fridiio 1, th(*y were made finooth (Miough for being drawn 
upon by the jiencil with tin* diflerent mordants. 

The iirll of thefe mordants was an iron liquor, made 
by diflobing icon in a mixture of four palm-wine and of 
water in whieli rice had been boiled. This liquor was 
applied to the figures or fpots intended to become blacky 
and afterwards the aluminous mordant was applied, com- 
monly by chddren, with the pencil, to the parts intended 
to be made red. The ))ieces were then expofed to the 
hotted fun-fhine, that the parts to which the mordants bad 
been applied might be dried as much as poffiblc ; and tlien 
they were thoroughly foaked in pits of w’atcr, to cleaiife 
them from tlic fuperfluous mordants, as well as from the 
buffalo's milk, &c. : and laftly, they were dyed in water, 
wdth certain roots anfwering nearly in their effefts to thoCe 
of madder. 

It was in tliis way the manufaAure of printed cottons 
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was comlu^led by tlic Indians in former times. The follow- 
ing is an account of the modern Indian practice, in one par- 
ticular branch of their maiiufadurc, which Mr, Parkes 
fays he procured from a gentleman who had fpent fomc 
time in India, and who had taken pains to inquire into their 
manipulations. 

This procefs relates to the method of printing the fine 
cotton chint/. counterpanes, which the natives call pallam- 
poorsi and which are manufai^tiircd at Madras. Thefe are 
woven ill one piece, from two to four yards fqiiare, and 
are printed, or rather painted, with various defigns, and 
in various colours. Their method is to draw a pattern firft 
on Iheets of paper fevvii together, of the fize of the intended 
pallampoor ; and then to prick out the fame in the paper 
with a (liarp iiiftrument. This done, the paper pattern is 
fmoothly fixed upon the cloth, which is previoufly damped, 
and a fmull muiliu bag containing fome kind of black 
powder is rubbed over the whole, in order to pafs a part of 
the powder tlirough the pin-holes, and completely mark 
out the pattern. 

The pattern being thus d<ctched upon the cloth, the 
paper is removed ; and when the outline of the various 
figures is drawn with a pencil, the piece is coiifidered to be 
ready for receiving tlie colours. 

One colour is then laid on with a brufh made with a 
tough root of a particular kind of tree, or with the hufk 
of the cocoa-nut ; and when this is dry, tile piece of cotton 
is given to a woman to wv.ar, or to ule in the family, till it 
be very much dirtied ; in order tliat it might neccfTarily 
undergo a thorough waHiing, which is thought requilite 
to prove the goodnefs and permanency of the colour. 
Another colour is then laid on in the fame manner, and the 
piece is again fiibmittcd to the fame trial of wearing and 
wafhing. 'I’lie Afiatics may not be aware of it ; but 
doubtlefs the long expofure to the air in thef' cafes is 
the important point, aS it is well known that the atmo- 
fpliere is a prime agimt in rendering many colours per- 
manent, which, under a different treatment, would be 
heavy and lugitive. This is repeated fur every colour that 
is cmplo)od; — and when any one of thefe eolours is found 
to be deteriorated by this treatment, it is printed afrefli ; 
and fo are all the rell, till the workman is fatisfied that all 
the colours are acliially permanent. 

This tedious procefs is adopted, however, only when 
the manufacturer means to warrant the article ; l)iit in all 
cafes, even in tiiule pieces w'liich wdll not bear waObjig, the 
colours are laid on by a bniih, as before mentioned. 

Whether they are all lubilantive colours which are thus 
applied, or wlicllier they ule any fpecies of mordants in 
their fall work, we are unacquainted, as the artiils of India 
obferve great fccrecy, and are extremely jealous on this 
fubjea. 

Such are the facts which we have been able to colledt rc- 
fpeCting the progrefs of calico-pririting from the earliell ages ; 
and alfo of the ])refont Hate of tlie art among the Afiatics. 
The more difficult part now remains, v/x. to give a brief 
detail of the molt imjwrtant proceffes of our owm artiils. 
This, liovvever, we Ihull cnd<*avour to do with the iitmoll 
plainnefs, and /hall not fail to fuggefl. any improvement 
that may have occurred to us during our inquiries 
refpefting this very interclling and varied branch of manu- 
facture. 

We have not been able to afcertaiii when calico-printing 
was introduced into this country, though there are various 
reafons for believing that it is an art, among us at leail, 
but of modern date. 

As the wliole of this ingenious bufinefs, as it is now 


condudted, depends upon the proper application of a few 
compounds caUed mordants^ it will be neceffary, in the firft 
place, to explain their nature and ufes. In doing this, 
one or two preliminary remarks will aflift us. 

The colouring fubllances chiefly employed in this art 
are divided into two claffes, fuhfiantive and adjeHlve, 
A fubjlantive colour is one w^hich is capable of itfolf of 
producing a permanent dye on wool or woollen cloth ; 
fuch is the juice of the buccinum, ufed by the ancients 
for producing the imperial purple; fuch are alfo the 
woad and indigo employed by the moderns for producing 
a permanent blue ; ciiid we may add the metallic foliitions, 
particularly thofe of iron, cobalt, gold, platina, and filver, 
which give various colours, according to the proceffes by 
which they are prepared. 

It has been propofed to employ this valuable permanent 
colour for pencilling on fine muflins. In time of peace it 
might readily be procured in fufficient quantities, and 
would prove an important addition to the refources of the 
Britilh calico-printer. 

Dr. Bancroft \clls us, that the firft mention of indigo, 
as known in England, is in the A£l of the 23d of queen 
Elizabeth, chap. 9, where it is called Ancle^ or Blue Indi* 
Bancroft 011 Permanent Colours, p. 138. 

By adjecilve colours are meant all thofe wdiicli arc inca- 
pable of giving permanent dyes without the aid of certain 
intermediu, which form as it were a bond of union between 
them and ll.e fiibilanccB intended to be dyed, 

Thefe inler.T.i'dia arc what are known by the term mor^ 
daniSi and are ufed for this purpofe in very coiiHderable 
quantities by the calico-printer of the prefent day. 

Several expedients 01 this kind were employed by the 
ancients to produce fall, or, more properly, permanent 
colours, and this appears from the teftimony of Arillotlc 
and Pliny. The chief articles in ufe at ])refent arc, the 
acetate of iron, the acetate of aliimine, and the various 
folutions of tin, all of which Ihould be very carefully and 
corrcdtly prepared. 

We have already given fomc account of chemical mor- 
dants in \ol. XXIV. part 1,. under the article MounANTS; 
which fee. 

When pi(‘ce-goodhi are defigned to be dyed of one 
uniform adjetl^tive colour, they are firft iinmorfed in a folu- 
tion of one of thefe mordants, then hung up to dry, and 
to abforb thi ce.<.ygv'u of tlie atmofphere. When lulliciently 
expofed to the air, they are walhcd or dunged, to remove 
the fujicrfluoijs mordant ; that is to fay, that part of it 
which is not chemically combined witli the cloth ; and 
the goods are then fubmitted to a bath of that particular 
kind of colouring matter wliich is to be imparted to them. 

The dung of the cow is ufed in fuch large quantities by 
the calico-printer, that it has become an article of great 
expcnce. The proportion that is employed is ufually 
about one bufliel to one hundred gallons -of water, though 
frequently a larger proportion would be more effi'dtual. 
The brigntnefs of the colours, and the purity of the whites, 
are always dependent upon the quantity of the dung 
employed. 

Whenever it is meant that the colour fliould be partially 
inferted, the mordant is applied to thofe particular parts 
only ; fo that, when the piece is immerfed in the colouring 
bath, no other place will receive the permanent ftaiii. If a 
fufficient number of colouring fubllances fliould ever be 
difeovered, that liavc no affinity for any thing but the 
chemical mordants, the bufinefs of calico-printing would 
be rendered much more cafy and fimple than it is at prefent. 
For though the whole texture of the cloth will he coloured, 
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yet having in itfclf no affinity with th.' vegetable with 
which the decoftion is impregnated, the wliole of the 
colouring matter will be cafily removed by expofure to the 
air, and the ground of the piece rcllorcd to its original 
whitenefs ; while thofe parts to which the mordant was 
applied, will retain and fix the colours in a way which will 
be more fully explained hereafter. 

Formerly all calico-printers were bleacl’crs ; but in the 
neighbourliood of I.ondon thefe are fepcirat<- and diftin6t 
trades, and the printer cither purchafes bleached goods for 
printing on his -own private account, or receives the cloth 
from liis cullomers in a white ilale ; and, when printed, 
he returns the identical pieces, and is paid fo mucli per yard, 
according to the number of colours, for jiriiiting them. 

In our opinion every printer Ihoiild bleacli his own 
goods, for it is impoffible always to rely with confidence 
on the care of thofe who bleach for hire ; and every printer 
knows that good bleaching is abfolutely a neceffary pre- 
liminary in the produ6lion of good printing. Indeed, this 
is now pretty generally acknowledged in the north of 
England ; for mofl of the opulent houfes in Lancafhirc and 
in Scotland, which produce fine work, are bleachers as well 
as printers. 

Oxymuriate of lime is the agent generally employed in 
bleaching ; but it appears to us tliat fome other article 
might be introduced with advantage. For, as the goods 
are wafhed in dilut'^d fulphui ic acid when they are taken from 
the oxymuriate of lime, a fulpliate of lime is always formed, 
which becomes fixed in tlie fabric, and, adling as a mordant 
when the pieces come into tlie madder-copper, occafions an 
indelible llain, \\liich in very fine goods often impairs their 
beauty. If oxymuriate of foda were einploy^ed, the ful- 
phuric acid would form a foluble fait with tlie foda, cafily 
removable by waihiug. 

No people have taken more pains to excel in bleaching 
than the Irifli, and their credit is ellabliihed accordingly. 
The German linen, we believe, is generally better than 
theirs ; but the Irifh IkIvS al^^ ays the preference in foreign 
markets, owing to their fuperiority in bleaching and finiftiing. 

A very^ minute account of the various procelTcs in bleacli- 
ing has been already given in our 4l}i vol. part ii. under 
the article Bi.iiACHiNG ; which fee. 

By whatever means tlu- lileachliig is performed, the 
printer commences his part '-f the biihncfs in the following 
manner. 

The goods are firll ihejfcd by fingcing off the whole of 
the nap wdiich is attached to them. This is cffedlcd by the 
following contrivance ; — Ten pieces are generally wired 
together, and wound upon a roller, from wdiencc they are 
paifed over a hot iron, nearly in the form of half a cylinder, 
and received upon another roller ; from thence they are 
returned to the iron, wdiich is flill kept red, or nearly at a 
w'hite heat. The ufe of repeating this procefs is to remove 
the nap more effe^Iually than it w^ould be done by paffing 
it only once over. 

The next operation is that of Jieeping^ which confiils 
merely in foaking the pieces for twenty-four hours in a 
veffel of weak alkaline ley, at a temperature of about lOO^- 
Thefe operations of fingeing and ileeping are going on at 
one and the fame time, which effedlually prc'vent aiiv accident 
that might otherwife arife from the effccls of the hot iron. 

The goods are then boiled or elfe bowked in a folution 
of potafti (fome w'orkmen prefer to have this alkali in a 
pure caufiic ftate) ; they are then well clcaufed by thorough 
wafhing in w^afh-wheels, or in flocks, to en fare their being 
entirely divefted of the alkali. The intention of thus 
treating them with potafh, is to remove any greafe or im- 
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purity that may be attached to them, which would other- 
w'ifc endanger the evenneis and uniformity of the colours. 
This procefs is called ajhing. 

By fome obfervant calico-printers it has been imagined, 
that the rendering of the ley^ caulUc is apt to impair the 
texture of the elotli ; and w'e doubt not but that this has 
often been the cafe. Under the eye of the mailer, however, 
we are fure that it might be employed w'ith advantage and 
fafety. 

It niny he remarked, that in weaving calicoes the work- 
man generally greafes the reeds, in order to make tliem 
move ealier. Tallow is alio employcxl for drefiing the warp, 
and this has a baneful ( ffe(!*l on all goods which are de- 
ligncd for printing. Wherever this greafe is in the cloth, 
it becomes fixed by the operation of iingeing ; and if it be 
not taken out before bleaching, it will not come out after- 
wards by^ the ufual procefs of alhing and fouring ; for, 
when the pieces arc fubmitted to a blue vat to he dyed of 
a uniform felf-colour, all thofe greafy places wdll be found 
to have taken the dye in a very imperfed\ manner. If the 
calico-manufadlurers thcmfelves would make a point of pre- 
paring the oleaginous matter for the weavers, and would 
furnim them witli nothing but pure vegetable oils, fueh as 
tliofe of rape, linfecd, &c., it is very likely tlial thefe in- 
conveniences would not occur ; for the flain from •vegetable 
is not fo indelible as that from animal oil. To cleanfe fuch 
goods, various expedients have been adi>pted, but we ap- 
prehend nothing but a folution of caviliic alkali can be 
depended upon. To prove the effetl of any method which 
may be tried, it is a good way to run the pieces through 
water, and then to pafs them from the w'atiT fo gradually 
over a roller, as to give the fuperintendaiit an opportunity 
of examining every inch of the furfaee *, and d any part 
remahis greafy, it will be fecn at once, lor that part will 
continue dry, while all the* rell of the cloth is wet. 

'^J’here is another way in which the goodiiefs of bleaching 
might he proved. Let a few of the fufpedted pieces be run 
once or twice througli a madder-copper, at the ti‘m]>craturc 
of about jSo°. This will inevitably mark any part that 
may be im]>erfedt]y bleaclu d ; whereas, if the operation has 
been properly performed, they will e'oine out fo little llaincd, 
that an intelligfiit vvorliman, who has been ufe*d to a madder- 
copjxr, will at once he fatisficel that they contain uo im- 
jiurily iiiat can form a permanent mordant. 

The next procefa is one with diluted fulpliuric acid. A 
quantity of loft water having been poured iiii-o a leaden 
vefl'el, oil of vitriol is gradually added to it, in the propor- 
tion of about twenty pounds of oil of vitriol to every hun- 
dred gallons of water, which by weight is in the proportion 
of about one to forty. 

When this mixture has been well llirred, it is ready for 
ufe. Sometimes it is employed in tlrts llatc, at others it is 
heated in 90° or iipw^ards or Fahrenheit, according to the 
nature of the work to be done, and the goods are iminerfed 
in it. They are not fuffered to lie in this folution, but arc 
wound' by means of a winch over a w’ooden cylinder, that 
every part of the cloth may be immerfed in the fluid, and 
expofed alternately to the a£lion of the atmofphere. 

This operation is generally continued for about twenty 
minutes, and is deligned to remove any iron-moulds or 
other llains which the cloth may have acquired. It has alfo 
the effedl of neutralizing any portion of potalh that may 
Iiave been left in contadl with the cloth. The procefs is 
called fouring. 

After this operation it is ncccffary to wafli the goods 
thoroughly, that no part of the acid may be left in them 
to injure their texture, and this is bell cffedled by means of 
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the wafti-wheel. The calicoes are then to be regularly and 
thoroughly dried, which finiflies thefe preliminary opera- 
tions, known in the trade by the term preparation; fo that 
thofe cloths which have pafl'ed through thefe manipulations 
arc faid to have undergone a preparation. Befidee the ufes 
already mentioned, there is another advantage attending 
thefe procefles, v/ai. that the cloth which has undergone this 
preparation will bleach fooner, the colours will be brighter, 
and the whites more delicate, than they would liave been 
had they not goTU‘ through thefe previous operations. 

The next procefs is that of calendering, blcrc the goods 
are paffed through a fet of rollers, which gives them a glofs, 
and the appearance of their having been ironed. They are 
now fit for printing. For copper-plate printing, or cylinder 
work, the procefs of calendering is omitted. 

In printing fall colours, the artill ufiially proceeds in this 
way: he lay !> the piece of calico, which has been already 
fmoothed by calendering, upon a flrong thick tabic, which 
is previonfly covered with a woollen cloth. He then pro- 
ceeds to apply one or more mordants, as the cale may 
require, for fixing the intended colours. Thefe mordants 
arc applied by means of wooden blocks, with the patterns 
formed nj)on them. Thefe blocks wore formerly chofen of 
holly, and the cutting them was a feparate branch of the 
bufiiiefs, and was called block-cutting. Of late years, how- 
ever, a confidorable improvement has been made in tliis part 
of the bufmefs by the iiitrodudlion of brafs or copper ; that 
is, the pattern, inlload of being actually cut in the wood, 
is now formed by" means of fleiuior pieces of one of thofe 
metals being firmly fixed to the block, fo us to produce the 
pattern intended. This alteration was occafioned by the 
perilhable nature of wood, on account of which every 
printer incurred great and imnecclfary oxpence. 4^110 pat- 
tern when thus formed with copper, is not only more lad- 
ing, hut it has alfo the advantage of giving greater fiiarpnefs 
and beauty to the impreflion. When it was cudomary to 
life w'ooden blocks, the patterns were not enchafed in tlie 
wood, but the wood was cut away in fuch a manner as to 
leave the pattern in relief. It will be obvious that this 
mud always be the cafi* in -printing. 

When the mordant is ready, it is mixed np either with 
flour-pade, or with a thick aqueous folution of gum arable, 
gum lenegal, or gnm Iragacanth, and is then fpread upon 
a piece of fnperhnc woollen cloth, drained tight upon a 
hoop. This is placed within another hoop, covered either 
with Idiecp-fkin or oil-cloth. Thefe hoops are both fo broad 
as to give to each of them the appearance of a tambarine. 
That which is covered with the woollen cloth is called a 
fievcy the other a cafe. The lieve within its cafe is now 
placed in a fmall tub of gum-water, and is ready for nfe. 

Flour is an article of confiderable confumption with the 
printers for making pade. Some houfes buy twenty bar- 
rels of American dour at once. Should it be mudy^ or four 
from keeping, it is of little confequence for their ufe ; but 
they are careful to buy none but fuch as has been made with 
found wheal, for if unfound it will be of no value for their 
purpofes. 

Gum tragacanth is much dearer than tlu* other gums 
mentioned above ; but notwithdanding this, it mud be had 
for fome dylr.‘s of work, as no other will anfwer for any of 
thofe colours or mordants which are prepared with nitrous 
acid. A folution of gum fenegal would be coagulated in 
an indant by any of thofe preparations. Of late years, an 
article called Britifh gum has alfo been much in ufe for the 
fame purpofe ; fo much fo that the making of it has 
become a dillindt trade. It is merely common darch pul- 
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verized, and then calcined till it afliimes a cinnamon-brown 
colour. 

When the apparatus is thus prepared, the mordant is 
applied by a brulh to the furface of the fieve. This is 
called teering. 

It diould have been remarked, that when a colourlcfs 
mordant, like the acetate of aliiminc, is employed, the 
workman generally mixes a little of the decodtion of Brazil 
wood, or of any other fugitive dye, with it. This is called 
fightening ; and is for the purpofe of making the pattern 
more obvious to the workman, that he may fee its progrefs, 
and the efficacy of the materials, as lie proceeds in printing. 
The manipulation may be thus deferibed. 

Taking the block containing the pattern in one hand, 
the workman applies it gently to the furface of the fieve, 
fo that a fufficient quantity of the tlnckencd mordant may 
adhere to the figures. When the block is thus charged, he 
applies it to the calico, and gives it a blow with a fmall 
mallet, either diglitly or othervvife, according to the nature 
of the pattern. 

This alternate application af the block to the ficvc and 
to the calico, is continued till the workman has gone over 
the whole piece. In this way, fcvcral different mordants arc 
fometimes applied to the fame piece of goods. This is 
indeed always neceffary', when the finifhed piece is intended 
to contain a variety of colours, the different colours requir- 
ing different mordants to fix them and render tlum perma- 
nent. 

The calico is now removed to a room called the flove, 
where a certain degree of heat is given to it by means of 
flues, which go round the room on the inlide, near the 
floor. In this room, it is gc?ncriilly continued for at leaft 
twenty-four hours. This is when common red-liquor has 
alone been printed ; but if citric acid or flrong muriate of 
tin has been employed, Icfs time is fniricicnt, and for the 
latter feldom more than half an hour is allowed. The in- 
tention of this is to evaporate tlie acids nfed in the prepara- 
tion of the mordants, and which might otherwife injure the 
texture, and alfo to fix the bafe more fnrely within the 
fibres of the cloth. 

In this operation, an attention to tempciaturc is of tlie 
utmofl importance. In general the rooiii is kepi at about 
90° ; but an intelligent calico-printer varies tliis according 
to the nature of the work under operation. If iron-liquor 
has been employed in printing the goods, it is an excellent 
pradiice to keep them for fevera) days expofed to the 
atmofphere, after their removal from the ilove, as the 
blacks, pompadours, olives, and indeed every other colour 
prepared w'ith that rnetal, will incrcafe in iutenfity ; the 
goods wall clean better in the dnng-veflels, as will be ex- 
plained hereafter, and the colours will rife higher and 
brighter wdien they come into the copper of bark or madder. 
The iron in an acetous folution is in the flatc of the black 
oxyd ; but by expofure to the air it acquires a further dofe 
of oxygen, and the more nearly it is made to approach to 
the Hate of the red or peroxyd, the more fit it becomes for 
a mordant in dyeing. It may be worth an experiment to 
difeover whether the colours containing iron would not be 
better if they w^ere fuffered to be only a very Jhort time in 
the Hove, but were hung up iiiHcad for feveral days, ex- 
pofid to a current of air at the temperature of the atmo- 
fphere ; as the iron w oiild thus acquire the oxygen flower, 
and confequently would be fixed more firmly within the 
cloth. 

When the pieces have been properly Hoved, they are 
pafl’ed, by means of a winch, through w^ater at various 
temperatures, wath a little cow-duug mixed in it. This 



ADDENDA AND CORRIGENDA 


493 


part of the bufinefs was formerly conduced in a very un- 
cleanly and negligent way ; but of late years fome printers 
have incurred a confiderable expence in the conftrudlion of 
their dunging machines, with cocks for hot and cold water 
attached to them, and thermometers to regulate the tem- 
perature. Thofc ere£ked by Mr. Wright, a very ingenious 
calico-printer, at Strines, near Dilley, are tJje moR com- 
plete of any we have yet fecn. 

The intention of the dung is to abforb and remove that 
portion of the mordant which is not adlually combined with 
the cloth, and which otherwife might ftain the white or 
unprinted parts. 

We fufpeft the dung of the cow is ferviceable in another 
way befides that of clcanling, though the printer may not 
be aware of the nature of its operation. To chan calicoes 
by immerfioii in a dung-vcffel, may appear to he a ilrangc 
phraftr ; but as this is ttic technical language of the trade, 
no other could he employed with propriety- It is acknow- 
ledged that madder, cochineal, and fome other dyes, pro- 
duce much better colours on woollen than on cotton cloths, 
owing to the former being of animal, and the latter of 
vegetable origin. We prefume, therefore, that tlie dung 
imparts an animal matter to the fibres of tlie cotton, and 
that this animal matter adls as an additional mordant, and 
thus more powerfully attracts the colouring particles of tlie 
dye, than the mordants alone would be capable* of doing. 
Bertliollet, who analyfed the dung of the cow, found in it 
a fiibllance partaking of the nature of bih. 

If a piece of calico, prepared with the acetate of alu- 
mine, be divided into two parts, and the fuperfluous mor- 
dant removed from one of them by cow-dung and water, 
and from the other by water only, though both fluids were 
at the fame temperature, it will be found, on pafllng the 
two portions through a deco 6 tion of wold or quercitron 
bark, that the yellow will he much more intenfc and bright 
in that which had been fubmitted to the of the cow- 

dung. This is a fatisfa(fftiry and deciiive experiment. 

The procefs of dungin^^ au operation that varies in time 
from live to forty minutes, according to llie llyle of work. 
The pieces are then taken to liie river or wheel, to be more 
cffcClually wafhed ; after this they are palled through tepid 
water, in order that the workman may be alTured that every 
impurity is removed. 

His next care is to provid*- a copper boiler of pure cold 
water, in which a fuflicient quantity of madder is put, and 
a fire lighted underneath it. The calicoes, printed and 
riiifed as above, are now put into this boiler, and frpm the 
time they are iminerfed, the workman never ccafes to turn 
the winch, fo as to pafs every part of the goods repeatedly 
through the liquor, till the whole acquires a boiling heat. 
Indeed, this operation is fometimes continued for ten or 
fifteen minutes after the bath of madder a 6 lually boils, 
when the pieces are taken out and w^aflied. 

Madder is one of the moil valuable drugs we have, for a 
variety of purpofes in dyeing and calico-printing ; as it is 
the agent by which the bell and moil permanent bli^oks arc 
produced ; alfo the fineil purples, and every fliade of red from 
a pale pink to a crimfon. But perhaps it may not be general y 
known that this article improves by age. If a quantity ot 
madder -roots be ground, and then packed tight in a ca , 
fo as to exclude the air, and are kept thus for iix months, 
they will then dye a much better colour, and go fur- 

ther than they otherwife would have done, had thefe roots 
been ufed as foon as they were ground. i /r a r 

This procefs, which is called , has the etteCt ot 

imparting all the requifite colours to the goods, by means 
of cne operation, which may be thus explamed. While one 


mordant precipitates the colouring matter of the madder to 
a red, another precipitates a different portion of it to a 
purple, another precipitates it to a black colour, and fo of 
every poflible lhadc, ' from a like to a black, and from a 
pink to a deep red. 

If a portion of weld or bark be added to the madder, 
every fliade from a brown to an orange may he produced ; 
whereas, if weld or bark alone be employed, all colours 
between a dark olive and a bright lemon can be imparted to 
the cloth. Thefe changes are all occafioned by the play of 
chemical aflinities, and are due to the improved ilate of 
chemical knowledge. 

Here it may be worth remarking, that whenever it is of 
eonfequence to produce the fincll yellows or more delicate 
lemon colour, it is ncccflary to dry the pieces in the open 
air, as the Hove would not fail to injure fiich colours ; for 
flo\e-drying has always a tendency to convert a yellow to an 
orange. It is alfo necefl'ary to be equally careful in the 
operation of dunging the mordants for thefe pale yellows ; 
for, fhould tins be done at a higher temperature than {j 6 ^ 
or 100°, their beauty will certainly be impaired. There is 
another ad\antage in this, luz.. by dunging at this low tem- 
perature, tlic dyeing may be completed even at i 10° or 
thereabouts, wliich will give a much livelier colour than where 
a higher temperature has been employed. 

1 he mordants generally ufed in calico-printing arc acetate 
of iron for browns, blacks, lilacs, &c. and at dale of alumiiie 
for all the dilierent fliades of reds and yellows. 

Formerly the acetatt? of iron w*as made by digelling old 
iron hoops in four beer, or in very weak vinegar ; but t)f late 
years it has chiefly been made with the pyroligneous acid, 
fif wood be fubmitted loan intenfc heat, when inclofed in an 
iron vefl'el of any kind with a proper aperture to allow the 
vapour to pafs, this vapour on being condenfed forms the 
acid in queflion, and is now knowni to be a kind of impure 
•vinegar. The wood in tliis cafe is converted into charcoaly of 
wdiicli a great deal is prepared by this procefs, particularly 
for the formation of giinpowder,^ the oleaginous impurities 
of which tend, in fome cafes, to improve the mordant. 

Blacks are alfo produced by the nitrate of iron [nitrate 
of iron was not applied to calico-printing till wdthin the lall 
fifty years. This difeovery formed an important era in the 
trade, UvS it afforded the inamifai^turer the means of varying 
his flylesof work in a miiltiphcit) of ways and forms, wdiich, 
till then, were entirely unknowui,] and gallic acid ; the 
mixture is called chemical black. This nitrate of iron i» 
made by diffolving metallic iron in a peculiar kind of aqua- 
fortis. Common aqua-fortis will not anfwer for tins pur- 
pofe; for, though it may diflblve the iron with rapidity, 
part of the metal is apt very foon to precipitate ; which 
not only weakens the colour, but leaves the remainder fo 
acidulous, that there is always a danger of fuch a jireparation 
injuring the texture of the cloth. 

It is, however, neceffary to remark, that the black w hich 
is formed by this folulion of iron, is produced in a difl'ererit 
way from blacks in general ; for, when common iron- 
liquor is ufed for this purpofe, it is lirft printed on the calico : 
and when it has been fufficiently oxydized by expofure to the 
air, the goods arc boiled in a decoction of madder, which 
renders fuch parts as had been printed with the acetate of 
iron an intenfc black. But the black from nitrate of iron 
and galls is applied at once to the cloth, and is not afterward! 
raifed by dyeing. 

The calico-printer by ufing a black ready formed is thu! 
enabled to mix it with other colours, in cafes where by dye- 
ing alone it could not be produced, as in conjunction with 
y5lows,and olives, raifed by weld or quercitron bark. 
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The acetate of alumine is prepared by a mixture of the 
fulphate of alumine with acetate of lead, both in a Hate of 
folution ; fo that, on the theory of double decompofition, 
fulphate of lead is formed, which precipitates, while the 
acetate of alumine remains in folution. 

Since the demand for this article has been increafed on 
account of the exU nfion of the printing trade, it has been pre- 
pared from thi pyroligneous acid by means of lime and alum. 
The follov^ ing .3 tlie method : 

The pyn/ligneous acid is fu*fl palTcd llirough a ftill, to 
divert it of a portiem of tlic tar which is always diffolved in 
it ; it is then laturated with lime or whiting ; and laftly,the 
acetate of bme thus formed is decompofed by a heated folu- 
tion of riil})li;ile < f alumine. The refult of this flouble 
dccompofit’ou hs lulpiiate of lime, which precipitates, and 
acetate of alumine, which ivS drawn from the fediment of the 
calcareous lulphatc, and preferved for ufe. 

And her/ it may be neceffary to caution the manufac- 
turer again rt a misfortune that may befall him if he be 
not converfant witli the chemical nature of the fubftances he 
employs. 

MagiicfiMii lijiie-rtone abounds in Dcrbyfliiro, and in fome 
of the adjacent counties ; and rtiould a maker of acetate of 
alumine employ fuch lime in his procefs, the article which 
it would prod 'ce would in all probability be entirely unfit 
for the ufe of ihe calico-printer. But we muft be more 
explicit. 

In emph'^h ^ th ' c )ihmon lime in conjunction with alum, 
a fulphate of 1 me »vill be formed, as mentioned above, and 
this being n- ar’y a i infoluhk fait, will precipitate. But here, 
fulphate oT in.^gii' ila would alfo be formed, which being a 
foluhlc fait, would remain in folution, and increafe the fpe- 
cific gravity of tlic liquor, a circundlancc which would be very 
apt to occafion tlie deception which wc are anxious fhould 
be avoided. If magiRTian lime-flonc be employed, the liquor 
will apj)ear good by the hydrometer ; but, as it will contain 
more Epfom fait than acetate of idumine, it will be unfit 
for every purpofe for which it was intended. 

While fpeakiug of acetate of alumine, we cannot avoid 
remarking tliat the procefs which has jufl been deferibed for 
malting this mordant, and whicli if. followed invariably by 
many of the manufaditurers in the North, is extremely im- 
proper, on account of tiie lime which is employed in it, be 
the lime ever fo good, as that cartli is very prejudicial to 
every fpecies of red dye. The true way of making it, 
though more expenlive, is that whicli was originally pointed 
out by Bcrtli. Ue‘, ii .d which con fills in dccompofing ful- 
phate of a^am;:'e -y means of facchaniin faturni, or acetate 
of lead. 

In reverting' to he remaining proce IT s of the print-work, 
it inuft be nolxed, that when tlie goods have paffed through 
the w'cld (ir i. ladder- copper, they are nfually carried to a 
boiler conialnmg wh?atd)ran and water, in which they are 
winched Iv-r a confid. rable time, for tlie purpofe of freeing 
the white gro.inds from the ftain which they had acquired 
from the madfier t'r tlic w'eld. This procefs always impairs, 
in fome meafvirc, .hc.intenfity of the colours ; fbranning has 
ilfo the eft’oft of j'jving a pink hue to all madder reds. But 
it is not genet ally known wliat a peculiar richnefs may be 
imparted to made! r-colours, by railing them with a mixture 
of bran and madder ; that is, by mixing a portion of bran 
with the madder in the firll inftance. Mr. Parkes tells up, 
that he has foinelimes produced colours in this way w'hofe 
brilliancy has artonilhed him. The operation of the bran in 
producing thiseffc.f!i: will be explained hereafter ;] but it is a 
neceffary oper.ition, as there is no other mode fo convenient 
for removing the liain which is always given to the white 


part of a print by the madder, the bark, or the weld, which 
has been ufed in dyeing it. 

It frequently is the cafe, however, that goods will not 
bear to be fumciently branned to clear the whites entirely 
by that one operation ; [the temperature at w^hich the opera- 
tion of branning is performed, is very important. If bark 
yellows are dyed at loo*^, it is cuftomary to bran fuch goods 
at 115° or 120% as it is a principle always to bran at a 
higher temperaliire than the goods are dyed at. Madder- 
work muft be branned at a boiling heat ; j fuch goods, 
therefore, are partially cleanfed in the branning-copper, and 
arc then laid on the grafs for fome days, till they become 
perfedlly clean. 

But within a few years a new method has been intro- 
duced, which conlirts in immerfing tlic pieces for a certain 
time in a very weak folution of one of the bleaching falls, 
fuch as oxymuriate of potafli, foda, or magncfia. [A Scotch 
houfe of great confequence had pra^tifed this method a 
conliderable time ; and in the year 1812, a perfon vifited 
Lancafliire for the purpofe of inftrudling the Englilh printers 
in the method.] This fimple procels, which effedls in a 
few minutes wliat would require more than as many days in 
grafs-bkaching, is now' much pradlifed, and promifes very 
fooii to fuperfede crofting entirely. This is a moll import- 
ant improvement, as fome of the large printers formerly 
required as much land to fpread out their goods upon, at 
would make a farm of a very confiderable 11 ze. 

Befides the kinds of calico-printing already mentioned, 
there are others w'hich it will be proper to notice in thit 
place. Of tliefe, what is called rejijl-worh^ is now done in 
confiderable quantities. It is condudlcd in the following 
manner : 

A certain pnparatiju of n pper, mixed cither with flour- 
parte, with gum, or with pipe-clay and gum, is printed 
on the calico, va any lhape or of any pattern that may be 
dcfired. [The fulphate, the nitrate, the muriate, aiiJ the 
acetate of copper, have all been employed for preparing the 
refill -parte ; but the fulphate is the bell for the purpofe ; 
imlefi, a very cojicentrat'*d folution of the four falts w'cre pre- 
pared by fuccefiively diffolving each of tium in pure whaler.] 
When tln\i is fuflicienlly dry, the goods are repeatedly dip- 
ped in the blue vnt till tln-y have acquired that depth of tint 
whicli may be required ; and then, when they are wafhed, 
and pafled througli diluted fulplmric acid, thofe parts w'hich 
had been printed with the preparation of copper, are found 
to be a good wdiite ; the preparation liaving effectually 
rcfirtcd the operation of the indigo, [the art of making an 
indigo-vat confills in forming fuch a mixture of lime and 
fulphate of iron as lhall moft effedlually dcoxydize the 
indigo ; as indigo has no affinity for cloth in its natural or 
oxygenized (late. Hence, thofe parts of a piece which are 
printed w’ith u folution of copper w'ill never be dyed blue in 
one of tliefe vats ; becaufe the deoxydized indigo becomes 
tixygeiiatcd the moment it touches the copper, which parts 
with its oxygen to the indigo, and occalions it to become 
iufoluble, and coiifequently incapable of forming a dye. 
Tlius, wliile fulpluite of iron has the po\vcr of deoxydizing 
indigo, fulphate of copper, or any other fait of that metab 
is incapable of retaining its oxygen, whenever it comes in 
contadl with that fiiiguiar fubllanee in a Hate of deoxydize- 
meiit ; and it is a cunous inftance of the different degrees of 
intenfity by w'hich oxygen is held by the different me- 
tals;] though all the other parts of the cloth have received 
a permanent dye. The various deep blue calicoes with 
white fpots or w'hite figures, w'hich are now fo com- 
mon, are generally done in this w^ay ; and by a fimilar 
management wdth fubfequent dyeing in madder, weld, or 
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bark, figures in red or yellow arc exhibited upon a blue 
ground. 

In feme particular ftyles of work, the operation of certain 
colours is refilled by means of Hopping out with wax ; but 
this is too expenfive a method to be adopted often in thefe 
times, when it is the objedl of every manufa6lurer to finifh his 
prints at the leall poflible expence. [In printing thofe filk 
handkerchiefs called Bandanas, a procefs called waxing is 
ftill followed. It confills in making a preparation of tallow 
and rofin very liquid by heat, and in printing it in that Hate 
with a block upon the filk. When fuch goods are pafled 
through the blue vat, thofe parts which are covered with 
the tsdlow and rofin are preferved from the action of the 
indigo, and remain white, while all the reft is dyed a fall 
blue. The method afterwards taken to difeharge a part of 
this blue, and produce yellow, orange, &c. will be men- 
tioned hereafter.] Formerly this mode was very generally 
praftifed, and wax [in the Eaft Indies wax is ftill ufed for 
preferving the whites in calico-printing] was confumed in 
very large Quantities hy this procefs. [A very fingular- 
lookingTubftance was difcovcred a few years ago near Stock- 
port, which being handed about from one to another as an 
undeferibed fubftance, created confiderable intereft in that 
neighbourhood. Every body fuppofing it to be a natural 
produaion, fpecimens of it were fent to a variety of per foil s 
into various parts of the kingdom, for their opinion and 
analyfis, and among others a portion was fent to Mr. Parkes. 
However, after every one had been bufily engaged in exa- 
mination and conjeaurc refpeaing this unknown fubftance, 
it was announced, that fome feveiity or eighty years before 
a calico-work had ttood on the fpot where th<‘ article was 
found, and that this was nothing more than a large heap of 
of the refufe compound of flour, wax, and gum, above-men- 
tioned.] 11 

The ‘reader will perceive that thefe rejtjs are employed 

for tlie purpofc ot preferving certain parts of a piece 
white, and of giving other varieties to thofe goods in which 
blue is the predominant colour : but if the ground is u> he 
wdiite, and the piece is only to have one Imall obj^t [a 
technical term, belonging to this brancli of mwufaaure J 
in indigo blue, fuch as a Tingle fprig, then a different mu- 
nao-ement is neceflary, and the colour is imparted by a pro- 
cefs w'hich is called pencil-blue. 

Here the indigo is deoy-dized by means of orpiment, 
which is a fulphuret of arfenic ; and formerly, whatever uh- 
ie6ls were done with it were put in by means of a pencil : 
ience its name, pencil-blue. [Pencil-blue is compofed of 
the following ingredients, vtx. Ten ounces of indigo finely 
erround in water ; twenty ounces of quick-lime in lumps ; 
8ie fame quantity of potafh of commerce, or the 
carbonate of this alkali j and ten ounces of orpiment. 1 hde 
proportions require one gallon of water, and the who e is o 
be thickened with gum lenegal.] See Coi ouR. 

Another kind of procefs remains to be called 

chemical difeharge-work. Here the cloth is lira dyed of 
fome uniform colour, by means of a ''‘‘’'.‘■'Xn 

and fome one or more of the common vegetable 1“"' 

fiances; and calicoes thus Prepared “re fed 
fclf-colours. They are then wafted and dried , and when 
properly preffed or^ calendered, they are ht for receiving any 
Eatfem wLtever, accorJn| to the 

This U generally effeaed by means of the 
which are previoully compofed for the purpofe, by 
in them a portion olF one or more of the “ 

the nature^of the dye which is intended 
of the colour to be produced. In doing 
that the difeharging liquor be made fo as to be capabk of 


diffolving the iron which is contained in the dye, and which 
is always ufed in fuch quantity as to cover, or at leaft to 
difguife in a great meafure, the otlu r colour or colourt 
which had been employed with it, and at tlie fame time to 
a6l as a mordant in beautifying and fixing th< fe colours. 

Thus a piece treated w'ith a deco6lioii of Brazil-wood, 
and dyed black by being padded [by the term padding it 
underftood the operation of pafling the piece s from a roller 
tlirough a trougli containing a folution of iron, or any other 
mordant. Blotching is another term ufed in calico-printing, 
and is fynonymous with pudding] wnth iron liquor, if, when 
dried, it be printed with a peculiar folution or tin, the fer- 
ruginous portion of the dye will be fiiffolved, and the 
printed part will inftantly be converted fn.m a dei p black to 
a brilliant crimfon. 

In the fame way an olive-coloured calico, dyed in a folu- 
tion of iron and a decodlion of weld, will as quickly be 
changed to a bright pale yellow ; and the various drabs and 
flates of every (hade which have iron in their compofition, 
will undergo as fudden a change by the fame treatment j 
though the colour of the figures product cl on them wull de- 
pend on tlie materials with w'hich the cloths were originally 
dyed. Even the deepeft gold colours, or ftrongeft buffs, 
if produced by iron only, may, by a peculiar preparation 
of tin, be difcliarged ; and fuch parts of the cloth as have 
been treated with this metallic folution will be reftored to 
tlieir priftine whltcnefs. 

By fimilar maniigement, calicoes dyed of a light blue in 
the indigo-vat, ih'Mi run through fnmach and copperas, and 
finifhed in a bath ('f quercitron bark and aUim, may have 
figures of a brigh.t green imparted to them. Here the 
green is originally formed by means of the indigo-vat and 
the bark, though it is enveloped by the iron of the coppera^i, 
which overcomes the other colours, till the folution of tin is 
applied, which removes tlie iron from thofe particular parts, 
and gives a brilliancy to the remaining colours which they 
would not othere ife have poffefled ; the tin being a pow^er- 
ful mordant for the baric, by wdiich the yellow of tlie green 
is produced. 

Again, a good fcdf-colour may' be given to calicoes, 
merely by dyeing them in lumach and copperas, and then 
running them through an alkaline folution of annotto j and 
here the figures j)rodiiccd hy the application of a colourlefs 
folution of tin will be of a bright orange. But it is need- 
lefs to enumerate more inftances, as the workman accuf- 
tomed to a dye-Iioufe will have little difficulty in varying; 
thefe in a thoufand ways, when he becomes acquainted witn 
the nature of the folution of tin which he employs. 

The whole of this, however, refers to that branch of dif- 
charge-work only, where all tlie purjiofes are attained bjr 
diflblving the iron which makes a part of the colour that is 
intended to be difcharged ; whereas, the fimT and more 
expenfive work is dotu' in a different way, and by a procefs 
which it will be iieceffary for us prcfently to defcribc. 

In the mean time it may he proper to remark, that there 
is an objeaion to the particular kind of chemical difeharge- 
work of which we have been fpeaking, namelv, that it is 
not perfeaiy fail ; that is, the goods produced in this way 
will not bear fuch frequent wafhing, as thofe which arc 
done by the bath of madder or bark. 

It is certainly an objedl of great national importance to 
give a permanency to the calico-printing of the country ; 
[to this end great improvements have lately been made in 
the method of grinding madder-roots, by feparating the 
inferior parts, and dividing the whole into two or three dif- 
ferent qualities. Thus the printer is enabled to apply the 
fineft, which in this way is made equal to Dutch crop- 
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madder, to his bed work, and the other is laid by for infe- 
rior purpofes ;] and a great deal of very excellent printing 
18 HOW done in various parts of the kingdom, efpecially tne 
beft chintz-work and other furniture patterns. But, in 
what is called faft-work, there is a great variety of qualities, 
and fome of it little deferves the name of permanent. 

The mention of permanent colours reminds us of a very 
valuable green which was invented a few years ago by a 
Mr. Iflct of London, and which deferves to be noticed by 
us. This colour, which was fccured to him by his majefty’s 
letters patent, was produced by printing ground indigo, 
mixed with a peculiar kind of folution of tin, and in then 
fafttMiing tlio indigo within the fibres of the calico by means 
of that procefs, which is well known to printers by the 
technical diTignation of chmaMue dipping. [China-blue is 
prodiu ed thus : Indigo ground fine, and then thickened, is 
printed upon the cloth, and afterwards it is diflblved, and 
chemically united to the fabric, by alternate immerfion in 
a folution of fulphate of iron and in lime-water. A deferip- 
tion of this procefs has already been given very much in 
detail, in our eleventh volume, part ii. under the article 
Dippino, in Calico-Printing.^ After this the goods are to 
be dyed in a copper of bark or weld, which converts the 
blue to a green, and the whites are to be clean fed by croft- 
bleaching, &c. 

Upt>n this very ingenious procefs, Mr. Parkes has the 
following obfervation. “ Having,” fays he, “ forrned a very 
high opinion of this invention, I procured fcvcral interviews 
with Mr. I (let, foon after he obtained the patent, and from 
him was fully informed of the whole procefs. — This I 
have fincc repeated for the purpofe of verifying the detail in 
all its branches ; and I am fatisfied that it is om* of the 
moil beautiful and permanent colours that has ever been 
fixed upon cotton.” 

There is, however, another mode of producing very beau- 
tiful blues which has been much praclifed lately, and there- 
fore deferves notice. This confills in printing fome folu- 
tion of iron, and then pafliiig the g^oods through a very 
dilute and neutral folution t)f pruffiatc of potaili. The 
ppulTian blue which is thus formed upon the cloth may be 
rendered tolerably permanent by a variety of expedients, 
and this by means of any of the yellow dyes may afterwards 
be formed to any (hade of green or of olive. 

In returning from thefe digrefRons we mull not forget to 
revert to that other kind of difeharge-w’ork which we have 
engaged to deferihe, and which we will now attempt as 
concifely as is confiilent with perfpicuity and correftnefs. 

Here, the agent which is employed is the citric acid, and 
this is ufed in various ilatcs of concentration according to 
the purpofe to which it is to be applied, and the ilrength of 
the ground intended to be difeharged. It is chiefly em- 
ployed for the produtlion of white figures upon felf- 
coloured grounds produced by madder and fundry other 
dyes. For this intention the acid, in whatever Hate of 
concentration it may be, is mixed with cither gum or with 
paile, [when citric acid is ufed for refill-vvork, it is always 
mixed with gum fenegal and pipe-clay. The clay gives it 
a greater body, and likewife ads mechanically as a refiilcr,] 
to a proper confitteiicy for the block, the plate, or the 
cylinder, and from thence it is transferred to the piece ; and 
wherever it attaches, the mordant, whether iron or alumine, 
is difeharged, and a delicate white arifes in its ftead. [It 
Ihould be underltood, that the difeharge is printed upon the 
mordants before the goods are dyed. In ufing citric acid 
for this purpofe, a portion of one of the mineral acids is 
fometimes mixed with itj 

The acid here referred to is produced from the juice of 


limes or lemons, and formerly it was not employed by the 
calico-printer until it was reduced to the utmoil point of 
concentration, and appeared in a cryftalline form. Even 
then, it was not thought fufficiently pure, but was diflblved 
again, and rcdiflblved and recry llalli zed, till it became as 
white and pellucid as any other pure fait in a cryilallized 
ft ate, and was then generally fold for 36J. the pound, at 
which high price it could only be employed on the beft 
ItyJes of work. Now, however, it is oftcuer ufed in the 
brown, or firft ftate of cryftallization ; and fome of the 
larger printers purchafe lime juice, and concentrate it them- 
fclves ; and in many cafes, they ufe it largely both for dif- 
eharge and refift work, without ever cryftallizing it at all. 
More on this fubjc^l may be feen in Mr. Parkes^s Effay on 
Citric Acid, in vol. iii. of the Chemical E flay, page i — 118. 

This mention of difeharge-work by citric acid, [Mr. 
Thomfon, who has a print -work near Clitheroe, has taken 
out a patent for difeharging the Turkey-red dye by means 
of the citric and ox y muriatic acids ; and the work executed 
in this way has a. very plcafmg effcdl,] reminds us of another 
fpecics of difeharge, which is employed by the printers of 
Bandana handkercliiefs, and which we are under the pro- 
mife of noticing before we conclude this memoir. 

The agent which thefe printers employ is the nitrous, 
and fornetimes the nitro-rniiriatic acid. It is ufed for the 
purp(>fe of putting yellow ligurcs upon blue lilk hand- 
kercliicfs. The follow ing is the procefs which is prin- 
cipally adopted. 

Aqua-fortis, or nitro-muri.atic acid, of fuch a Ilrength as 
is fuitable for the kind of blue which is intended to be dif- 
eharged, is mixed either with gum tragaernth, or with flour 
paflc, to a proper confillcncc, and in tliis form it is printed 
on the filk, by means of a common block, on which the 
intended pattern is cut. The confequence of this is, that 
wherever the acid attaches, there the original colour is dif- 
eharged, and a yellow dye is produced in its place. The 
pieces are then ftcamed, by paning them over a vcffel con- 
taining boiling water, vdiich gives brilliancy to the colour 
and finiflics the operation. 

If a llrongcr dye than the ufual yellow , or even a deep 
orange be dcfircd, all that is ncccfl'ary is to iinmerfe the 
goods, for a moment, in lime-water, or in a folution of lime 
and potafli ; and by varying tlie proportions of thefe ingre- 
dients a great variety of ihades may be produced. 

Recollecting, however, that this is a paper profefi'edly on 
calico-printing, w'e mull not deviate too far from the path 
we have preferibed ; otherwofe, there are many procoffes in 
the printing of filks v/hich are curious and interelliiig, on 
which we might copioufly expatiate. The Bandana hand- 
kerchiefs which are printed upon cotton in imitation of 
India goods, are produced by a very differiMit procefs, and 
which we have already deferihed under the article DfS- 
CHAKUiNO of Colour y in vol. xi. part ii. 

Having been fpeaking of yellows, it may be worth men- 
tioning, that there is a mode of producing yellows on 
calico wdiich is not very frequently pra^lifed, and yet has a 
very good cffedl. The procefs is as follows : 

A llrong dcco£lion of bark, thickened w ith gum traga- 
caiith, is to be mixed w’ith a portion of very pure muriate 
of tin, and this, w hen printed with the ufual management, 
will produce a colour of great brightnefs and durability. 
We mention this the rather, becaufe very many pleafing 
etfedls may be obtained by this method which cannot be 
produced in the ufual way, by means of the acetate of 
alumine, and any of the yellow dyes that may be employed 
with it. 

There is one Tery impoitant advantage which this mode 
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pofleffes, w*. that (hould it be neceffary to pad a piece in 
diluted acetate of alumine to obtain a pale lemon ground, 
the yellow figures, previoufly done by the above procefs, 
will not give out any part of their colour to the fecond 
mordant ; whereas, whenever a ftrong yellow has been pro- 
duced in the common way, the pattern is very apt to fpread 
and become irregular, and oftentimes to ftain tin* ground, 
when the piece comes a fecond time into the acetate of 
alumine. 

Obferving that the treatife from which we have made 
fuch copious eivtra^fs, contains no particular direftioiis for 
the preparation of that fuperior kind of calico-printing 
called chintz -work, we applied to Mr. Parkes upon the 
fubjedl, and he has furnifhed us with an original communi- 
cation to fupply that deficiency, which is as follows : 

The term chintz-work is deferiptive of that kind of 
calico-printing which is employed for beds, window-cur- 
tains, and other furniture, and it differs more in the richiiefs 
and variety of the colours, than in any otlier circumftance. 

In relating the proceffes by which thefe beautiful prints 
are produced, we (hall fuppole the calico to be already pro- 
perly bleached and calendered, ready to receive the impref- 
fions of the block. The firfi thing then to attend to is, to 
apply the mordant for the colour which js intended to be 
imparted in the firft inllance. Thus if a black be defigned, 
a mordant of acetate of iron, commonly called iron liquor, 
is tJiickcncd with gum, and printed upon the cloth in any 
pattern that may have been feledled for the purpofe. If 
this fame mordant be diluted with water, it will form a pro- 
per mordant for a purple ; , and the fame, Hill further 
diluted, will, when it comes into the dyeing copper, form a 
lilac. In this way, all the varieties of fiiades, from a pale 
lilac to a ftrong purple, and from purple to a black, may 
be produced by acetate of iron diluted with various pro- 
portions of water, and then dyed with madder. 

In like manner, a colourlefs folution of acetate of alumine 
thickened with gum or flour pafte, forms a mordant for 
dark red ; if diluted with A\ater it makes a common red ; 
and by diluting it further and further every fliade of pink 
may be produced. Again, by the admixture of acetate of 
iron, and acetate of alumine, a mordant for chocolate 
colours, maroons, &e. is formed, either approaching to the 
purple or the red, according to the admixture ; that is, ac- 
cording to the proportion ut either of thefe original mor- 
dants which may predominate in the mixture. 

When thefe fevcral mordants have been printed upon the 
calico, they arc allowed to dry for two days or more in a 
ftovc or drying-hoiife ; they then go through the operation 
of dunging, which confifts in riiifing them in warm water, 
in which a little cow -dung is diffufed, as has been already 
deferibed. When the j)icces are fufficiently dunged, which 
is not the cafe till all the fuperabundant mordants arc re- 
moved, they are wcll-waflicd in clean water, and then boiled 
ill a dcco6tion of madder, until the madder-bath is cx- 
tiaufted. In confequcnce of different mordants having been 
applied to the cloth, this one boiling in the madder -liquor 
will at once produce all the colours above-mentioned. 
When the pieces are thus dyed, they arc to Ijc nnfed in 
cold water, and laid upon the grais to bleach. this 
expofure to the air for a few days, the whole of the ground 
to which none of the mordants had been applied, will 
become perfe^Ily white. 

The proceffes which have now been detailed, will ^ pro- 
duce what is called common chintz-work; but If he 
defired to make the goods ftill richer, by the addition of 
yellows, bright olives, drabs, &c. the cloth 
another feries of operations, which may thus be delcnbed. 


Upon thofe parts of the calico which ftill remain white, 
any of the above mordants may be printed, according to 
the effeA defigned to be produced, after wdu’ch all the pre- 
ceding managements are to be repeated, except that inftead 
of boiling in a decoAion of madder, they are to be immerfed 
for about half an hour, more or lefs, in a warm decodfion 
of quercitron hark, the Quercus nigra of Linnieus ; a moll 
important dye-wood, introduced by Dr. Bancroft, and 
which is found to give out a much brighler colour to trfiJ 
w*ater, than it does when treated w^ith boiling water, or with 
W'ater nearly approaching to that temperature. 

The effect produced upon thefe prints by an immcrfion 
in a lukewarm decoftion of this American hark, will be 
quite different from that produced by the madder ; upon 
thofe parts of the cloth where the mordants have been 
printed which before pioduccd a black, a dark olive only will 
be apparent, and inftead of pompadours will be drabs, and 
inftead of reds we lhall have yellows, which w^ill vary in 
intenfity according to the llrcngtli of the aluminous mor- 
dant. 

Again, a further variety may be given to thefe prints, if 
the yellow' mordant, or acetate of alumine, he applied to 
any of the colours which have already been dyed with mad- 
der ; but this mull be done before llu* pieces are immerfed 
in the dcco^lioii of bark. This application will convert 
the reds and pinks into different lhades of oranges, and the 
lilacs into cinnamon colours. By means of thefe dift'erent 
proceffes an endlefs variety may he given to the goods, and 
a calico-printer of talle w'ill never he at a lofs how to pro- 
duce a plealing efted, whatever may be the patterns wdiich 
he has to imprint upon the cloth, ^riiis lecond immerlion 
in the dyeing veffel wull, liowever, give a yellow tinge to 
the remainder of the whites, but a Ihorl expofure on the 
grafs will obliterate it. 

When chintz furniture-prints are defigned to have as 
much variety of colouring as pollible, a part of the remain- 
ing white is often coloured blue or green, or of any lhade 
between thofe colours, by u Hill different procefs. This is 
done w ith w'hat is called pencil-blue, which is a preparation 
that has already been deferibed. I'he blue is given by put- 
ting in the prepared indigo with a pencil ; and the green is 
produced by pencilling fome of the fame colour over certain 
part& of the pattern which has already been dyed yellow. 
When thefe coloursS liave been imparted, the printing is faid 
to be fiiiiflicd, and the pieces are hung up to dry for at 
Icaft twenty-four hours, after whicli they arc rinfed tho- 
roughly in cold w ater ; and w hen they have been dried with 
care, they arc properly calendered and put up for fale. 

Nothing now remains hut to notice an improvement 
wdiich has been made of late years by the introdu^lion of 
cylimier-printingy and which has the advantage of fuperior 
accuracy and neatnefs, as well as of great expedition. 

The machines whicli effedl this are rather complicated 
and expcnfive ; but they are fo contrived that the cylinders 
on which the patterns arc engraved, furnifli thcmfelves witli 
etdour during their revolutions ; are kept clean by a fteel 
knife, or dodor as it is called, paffing over their furfaces 
the moment they have charged thcmfelves with the thickened 
colour ; and they have luch a preffure given to them, 
either by means of ferews or levers, which can be tightened 
or fiackened at pleafure, that the whole furfacc can be 
made to dcpofit its colouring matter with the ^eateft cer- 
tainty and exatlnefs on the cloth, while this rolls over it in 
fucceflion, from one end of the piece to the other. 

Thefe cylinders, which arc made of copper, arc from 
eighteen to forty-two inches in length, according to the 
vnith of the calico to be printed, and three and a half to 
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five inches in diameter ; and thefe mafly rollers have the 
patterns enchafed upon their furfaces, in the fame way as a 
pattern is cut upon a flat plate of copper, that is intended 
to be employed in copper-plate printing. As thefe cylin- 
ders are made with plates of copper hammered into a circu- 
lar form and joined by brazing, ^reat lofs has fometimes 
been fuftained by the engraving giving way upon the brazed 
joint. To obviate this, a patent has been lately obtained 
for boring the copper cylinder from the folid metal in the 
modern way of boring cannon. 

Many ot thefe machines are now contrived fo as to carry 
two of thefe cylinders, each of which has a trough of 
colour attached to it, by which means two different colours 
may be printed on the fame calico, at one and the fame 
time. 

Mr. Adam Parkitifon of Manchefter has lately invented 
a machine capable of printing at one time, by means of 
one cylinder and two furface-roUers, or by two of the 
former and one of the latter, three diftindt colours. 

Thefe machines have not only the excellence of printing 
more corrcdlly than can poflibly be done by means of the 
block, but the faving of time and labour which they aflford 
is great indeed. A piece of calico which would take a 
man and a boy three hours to print with one colour, or 
fix hours to finifh with two colours, may by this means be 
done in three minutes, or three minutes and a half, and 
then much more completely than could even have been 
imagined before the introdudtion of this invention. 

Bcfidcs thefe cylinders there are others which are called 
furf ace-machines i which contain cylinders of wood, and 
which have the pattern formed upon their furfaces in relief, 
cxadlly fimilar to the blocks already deferibed. Thefe are 
employed in particular llyles of work, efpocially in light 
ground-work, and for certain kinds of refirt: and difeharge 
work. 

In light work, the white grounds arc apt to be foiled by 
the cylinders ; hence furfacc-machines were contrived, and 
thefe are not liable to the fame objeftion. Cylinder-machines 
are more commonly employed in thofc ftyles which are full 
of colour and leave but little white. 

It mull be obvious to every one who is acquainted with 
the fubjeft, what an aftonifhing facility thefe machines have 
afforded to the produdlion of printed calicoes ; and alfo 
what an advantage they give to the Britilh printer in foreign 
markets. 

But we cannot conclude without exprelling our fears, 
that even thefe facilities may eventually be the means of 
doing a ferious injury to the trade, and of deftroying that 
confidence in the goodnefs of Britilh prints, whiem has 
hitherto been generally felt in every market on the conti- 
nent, and alfo in every part of the New World, wherever 
they have been introduced. We refer to that mode of 
printing which has lately beer, adopted, and which confifts 
in precipitating the colouring matter from logwood, and 
from other fugitive dyes, and in printing thefe on the cloth, 
without any mordant or previous preparation whatfoever. 
Thoufands of pieces of this fort have been finilhed at the 
low rate of one penny the yard, including every cxpence 
of colour, paile, and printing. Thefe articles, it will 
fcarcely be credited, are dried up immediately from the 
printing-machines, and are Ihipped abroad, without even 
oei^ walhed off. 

ifo wq/b technical phrafe. It means the foaking 

and rinfing the pieces in water, in order to diffolve and 
remove whatever gum or paile had been employed with the 
colours in printing them. 

Such goods, wherever they go, mufl produce great dif- 


fatisfadlion ; for they will neither endure the rays of the fun 
nor moillure. The firll (hower of rain to which they may 
be expofed, will not fail to walh out the pattern, and reduce 
them to a worfe Hate than that of plain white calicoes. 

In the reign of queen Elizabeth, an a£l was paffed to 
rellrain the ufe of logwood in dyeing, on account of the 
fugitive nature of its colour ; and if this degrading kind of 
printing be continued, the interference of the legiflature 
will again become neceffary, or the foreign trade will, from 
this caufe alone, be entirely loll to the country. 

Printing, Cylinder. See the preceding article. 

Printing on Porcelain. The art of printing, particu- 
larly as it applies to books, has, from its incalculable 
benefits and vail importance, excited at once the profound 
admiration and gratitude of the world ; and this inelli- 
mable difeovery has been claimed by feveral individuals, 
alike anxious for the honour of giving to mankind at large 
the advantage of a rapid and economical diffufion of delignt 
and inllruAion. The JirJl idea of types was very probably 

f iven by the Roman potters^ who were in the habit of 
ampii^ their names in raifed charaAers on their vafes, 
&c. The letters on this plan were, in fa6l, models of the 
types ufed by the firll printers ; and it appears lingular that 
tne idea of adapting luch models by the medium of ink, 
to the common purpofe of multiplying words and fen- 
tences, Ihould not have come into ufe until about the year 
1442. 

It will appear, on confideration, Hill more fingular, that 
after the inlrodutlion of engraving on wood and copper, 
(which was in ufe at the fame time with letter-prefs 
printing,) the art of transferring impreffions of orna- 
mental defigns, from the coppcr-plate to the furface of 
porcelain or ])ottery, was not difeovered till about the year 
1760. 

The Royal Porcelain Works in Worceller, belonging 
to Meffrs. Flight, Barr, and Barr, are the only ellablifli- 
ment that claims the honour of inventing this admirable and 
ingenious procefs. Wc can find no mention of this art 
in the annals of this or any other country prior to this period. 
It was praftifed with great fuccefs for many years in the 
works alluded to ; and befidcs the demand for home con- 
fumption, large quantities were exported to Holland. In 
the year 1788, his prefent majelly Geo. III., and his royal 
confort the queen, wn’th the princefs royal, the princefs Au- 
gulla, and the princefs Elizabeth, vifited the Worceller Por- 
celain Works, and particularly noticed this ingenious branch 
of the art of decoration. The royal party were much 
gratified by the compliment paid them, in the llrikiiig off 
impreflions from tw’’o copper-plates with the likenefles of 
the king and qiieen, which had previoufiy been engraved 
by diredlion of the proprietors, in order to exemplify 
the nature of the operation. The fecret of the printing 
was, about the year 1781, conveyed from the w^orks at 
Worceller into the potteries of Staffofdlhire, and has 
proved of infinite fervice in extending this branch of 
national commerce, and affording employment to the nume- 
rous population in that part of tne country. The common 
Britilh blue and white printed earthen-ware is now held in 
high elleem in foreign countries, from its cleanly and neat 
appearance, befides its being in general ufe at home. This 
art is certainly bell confined, as in the prefent day, to the 
inferior fabrics, fuch as earthen -ware, as the material on 
which the print is made is reafonable, and can be rendered 
at a price which fuits the convenience of the confumer for 
all common purpofes. The method, as invented and adopted 
1^ the originau proprietors of the Worcefter Porcelain 
Works, is as follows 2— The engraved copper-plate having 
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firft been warmed on the ftoive, is prepared to receive the 
colour, which, being previoufly mixed witli oils of a proper 
confiftency, is then rubbed into the engraved lines, and the 
fuperfluous quantity of colour is carefully cleaned from the 
furface of the plate. The paper, which is very thin, and 
maniifaftured for the purpofe, is then laid on the plate, and 
delivered to the prefiiran, who places it on a plank covered 
with warm flannels, and being fixed between two iron 
cylinders, it is drawn through by turning a wheel, exactly 
on the plan praAifed in taking off coppcr-plate prints. 
The paper bearing the clear-coloured impreflion is now 
removed from the copper-plate and delivered to the printer, 
who fixes the piece of porcelain in a vice, to keep it itcady ; 
and the printed paper is then rubbed with a wooden tool, 
covered with flannel, till the impreffion is completely tranf- 
ferred to the furface of the bifeuit, or unglazed porcelain. 
The operation of rubbing on the impreffion being completed, 
the porcelain, with the paper left on the furface, is thrown 
into a tub of cold water, and in a fhort time the paper 
delivers itfelf, and leaves the print. The w'are is now placed 
out to dry, and is afterwards carried to the kiln, w'here 
the impreffions are burnt in. It is then dipped in ihc 
liquid vitreous fiibftance called the glaze, is bi r.it a fecond 
time, and the co\)ur, which is the ox yd of cobalt, (and 
moil generally ufed,) comes out a neat blue, pcrfcAly 
fecured under the glaze. 

An improved method of printing, comparatively of very 
recent invention, w'as introduced under the direAion of 
the late Martin Barr, cfq., and is now carried on in the 
Porcelain Works at Worcefter, and is much admired for 
the excellence of tfie engravings, and the great beauty of the 
impreffions. On this plan, the printing-prefs and llove are 
not neceffary, as the engraved plate is charged with a 
prepared oil by the printer, who cleans the furface of the 
engraving with the hand ; and iiiftead of papi r, a bat of 


glutinous confjlency is cut out ai.d laid on tlie copper-plate, 
and is fo ductile as to adapt itfelf to the form of any vcffel 
intended to be printed ; and by the iimple preffurc of a 
(luffed Icatlurn ball vfiih the handy produces a perfeA im- 
preffion of the fubjed in oil on the fmooth fide of the bat. 
The ware being rubbed dry and ch an, the bat is now 
gently preffed v\ith the leathern ball on the glazed furface 
ol the porcelain, and wiien removed the impreflion appears 
complete, but only in oiL 'I’he colour, iii form of a powder, 
is then lightly moved over the oil impreflion w'ith a piece of 
carded cotton, and the print completely cleared of all that 
IB foperfluoiis. Tlie porcelain ih afterwards carried to the 
cnamellers, who finifh the defign by adding fome deco- 
rations in gold ; and it is then pafled tlirough the enamel- 
ling kiln, where the oil is evaporated by the fire, and the 
colour, which is always a mineral preparation, unites firmly 
with the gla/f, and becomes perfecUy durable as the tints 
laid on with the camtTs-hair pencils by the painters. The 
great advantage of this plan is, tliat the engraving can be 
executed much Jiner for the fmooth furface of the glazed 
porcelainy than for the coarfer blue and white prints, 
(which are laid on the rou^h un^lazed furfacty) as the glaze 
is capable of receiving the fnrjl touch the artill can put 
into his cngravid plate. Meflis. Flight, Barr, and Barr, 
the propntlors of iliefe works, have in confequence intro- 
duced beautiful engravings of figures Irom the antique, 
befides difigns in Tandfeapes, flowers, (hells, &c. which 
refledt no finall degree of credit uu this branch of the art of 
printing. Confiderable quantijes have been exported to 
the Eall and Well Indies ; and wdierc economy is the 
objedt of the conlumer, this flylc of decoration fuiU very 
well, liowevcr deficient in riehnefs of effeft and elegance, 
to the more elaborate prod udl ion of enamelled deligns, 
executed in thefe interefting and highly-refpertable works. 



